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Our Vision 

To betiu imtB^nOedworU hadarkiumvokMe SRAMparoducts& technology, tkUveringexcMug^ducti 
to Ste mmliMt which simply outface the con^Mon. 

Our Company 

Headquarted in Colorado Springs, Colorado, Simtek Corporation was bom in 1987. Dr. Richard Petritz, 
founder of memory companies Inmos and Mostek, formed Simtek along with Dr. Gary Derbenwick. Strategic 
alliances have alhjwed Simtdc to reduce capital requirements, as well as having access to leading-edge 
&cflities. Cuns^y, Sirat^ Sld)C0niscts all i^iases of the manufiEteti^ 

Our Products 

Simtek has taken the most desired features of volatile and nonvolatile monory , and combined them into a single 
chip: thenvSRAM. 

The nvSRAM combines static random access memory (SRAM) and electrically eraseable programmable reM- 
only memory (EEPROM) in a shadow memory configuration. Within each SRAM cell is an additional 
EEPROM cell, which can be read diiedly to (o' wiiQBn fitffioi} tie ^tenal dtop^i in a mwmer identical to 
ccHiventional SRAM operation. 

Achieving Standard Military Drawings from the government, Simtek's nvSRAMs answer the needs of high end 
military systems, as well as meeting costrequirements to be the ideal solution for volume commercial products. 
A sampling of ai>plications ideal for Simtel^s family of nvSRAM products include: cellular telephones, high 
density hard disk drives, modems, smart utility meters, home and commercial security systems, instrumoita- 
tion, and numerous military systems including communications, radar, sonar and smart weapons. 

Using Simtek's proprietary NOVCEL™ technology, Simtek's 256 kilobit nvSRAM product family currently 
has sixteen times the density of its closest competitive single-chip NVSRAM. With access times to 25 
nanosecond, Simtelc's nvSRAM performs m quickfy as miiistry ^mtei SRAN^ 

Our Future 

NOVCEL™ technology offers Simtek the path to even higher densities ( Meg and beyon^ and submicron die 
sizes. This path provides accelerated product development, cost reduction, and a baseline for products 
combining logic, RAM and NOVCEL based memory on the same chip. 

Simtek will continue to pursue strategic alliances in all aspects of business. 
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Advance Data Sheets 

Advance datasheets include infoimation on products in early design stage. 
Preliminary Data Sheets 

Data sheets madced "Preliminaiy" are planned for Ml pFod]ict»ni avallaMlity in the near future. Topically, samples of 
devices c^reisd by prelim&uoy data sheets are ftvailsbtew 

Final Data Sheets 

UnmariEed widi preUimnary or aivtmed, 'Tinal" data dieefe cova fa^ qu^@ed devises anrsilable in productian 
quantities. 
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Engineering Samples 

Units shipped as "Engineering Samples " are provided to selected customers for preliminary device evaluation. These tmits 
will be marked "ENG" on the top of the package. These devices may not be fully functional and may not have been fiilly 
ciharacteiizBd, tested or taimed-in. Engineering Samples will not have been subnutted to formal qualificatian testing. 
Simtek does not guarantee the fiinBiionaH^ or rdiability of these umts. 

Sample 

Marked "Sample", these devices are imits which are fitom qualified design^Jrocess mviiiiBm wMefa have not beoi trated 
to the full production flow. Topside marking will be "SAMPLE" to distinguish the pioduct fiom nomial finished goods 
devices. Simtdc does not guarantee fbc reliability or functionality of the product 

Pre-Qual 

Devices whidi have passed the normal productian screening tests, but which have not yet completed formal qualification 
testing may be shipped to selected customers marked "PRE-QUAL" . Most of the formal device characterization will have 
been conqiletBd, dead the product will normally be representative of fiilly qualified production material. Simtek makes no 
guarafitee wi^ reject to die r^labilit^ of the product 

Full Production 

Units which have jMSsed all production screens, and have met Simteks reliability standards, will be rdeased as fiilly 
qualified product Sudidevices willme^AespecificationslistBdindieFinalDataSheet and thepublished Simtek quality 
and rdiatnlity standardSi 



Simtek reserves the right to make any changes without notice. 



Questions? 

Please call! (800) 637-1667 OR (719) 531-9444 
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StMTEK PACKAGE 
OPTtONS 


OvJWIr 1 1 1 1 KJn rvIN 


COMPETITOR 
PACKAGES 


STK20C04 


512x8 


28 pin 600-mil DIP 


XioorX20C04 


28 pin 600-mil DIP 
32 pin PLCC 
32 pin LCC 


STK10C48 
STK11C48 


2K X 8 Hardware or 
Software InitiatBd 


28 pin 350-mil SOIC 
28 pin 300-mil DIP 
28 pin 600-mil DIP 


JOoorrXaOie 


28 pin 600-mil DIP 
32 pin PLCC 
32 pin LCC 


Srm22C48 




28 pin 3X)HTul DIP 


Xicor: X20C17 
Dallas: DS1 220 
Benchmarq: BQ4010 
SGS: MK48Z02 


24 pin 600-mil DIP 
24 pin 600-mil DIP 
28 pin 600-mil DIP 
24 pin 600-mil DIP 


STK25C48 


2Kx8AutoStore™ 


24 pin 600-mil DIP 


Xicor:X20C17 
DalaerDSISa) 


24 pin 600-mil DIP 
24 pin 600-mil DIP 


STKIOC^ 
STKi lUeo 


8Kx 8 Hardware or 

^ 1 til - t - *«* - » - -1 

SoftMBre Inniatsa 
Siore 


28 pin 3S0-mil SOIC 
28 pin 300-mil DIP 
28padLCC 


Xicor: X20C64 
Dallas: DSi225 
Benchmarq: BQ4010 
SGS: MK48Z08 


28 pin 600-mil DIP 
28 pin 600-mil DIP 
28 pin 600-mil DIP 
28 pin 600-mil DIP 


8TK12C68 


8Kx8AutoStore™ 


28 pin 350-mil SOIC 
28 pin 300-mil DIP 
28 pin 600-mil DIP 
28padLCC 


Xicor: X20C64 
Dallas: DS1 225 
Benchmarq: BCM010 
SGS:MK4e2l>8 


28 pin 600-mil DIP 
28 pin 600-mil DIP 
28 pin 600-mil DIP 
' 28 pin 600-inil DIP 


STK11C88 


32K X 8 SoftM«ra 
Initiated Store 


28pine00-milDlP 


Date: DSI^ 
Benchmarq: BQ401 1 
SGS: MK4eZ32 


28 pin 600-mil DIP 
28 pin 600-mil DIP 
28pin60&4nflDIP 


STK15G8S 


^xBAutoStore™ 


28 ptn eoo-md DIP 


Dallas: D81 230 
Bmchmaiq: BQ401 1 
SGS: MKMZ32 


28 pin 600-mil DIP 
28 pin 600-mil DIP 
28pin60O-mllDIP 


STK12(^ 


a^xSAui^lore'™ 


64 pin QFP 

40 pin 600-mil DIP 


NONE 


N/A 


STK12C816 


ieKx16AuK«Stere™ 


64 pin OFF 


NONE 


NAA 
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SimTEK 



STK20C04 

CMOS nvSRAM 
High Performance 
512 X 8 Nonvdlatile Static RAM 



FEATURES 

30, 35 and 45ns Access Times 
15, 20 and 25ns Output Enable Access 
Unlimited Read and Write to SRAM 
Hardware 9r0#7£inltlatlen 
Automatic STOffETIming 
100,000 STOiiEcyclesto eeprom 
10 year data retention In EEPROM 
Automatic RECALL on Power Up 
Hardware RECALL Initiation 
Unlimltsd RECALL cycles from EEPROM 
Single 5V±10% Operation 
Commercial and Industrial Temperatures 
Available In 600 mil PDIP package 



DESCRIPTION 

The Simtek STK20C04 is a fast static RAM (30, 35, 
45ns), with a nonvolatile electrically-erasable PROM 
(EEPROM) element incorporated in each static memory 
cell. The SRAM can be read and written an unlimited 
number of times, while independent nonvolatile data 
resides in EEPROM. Data may easily be transfen-ed 
from the SRAM to the EEPROM {STORE), orfrom the 
EEPROM to the SRAM (RECALL) using the NE pin. It 
combines the high performance and ease of use of a 
fast SRAM with nonvolatile data integrity. 

The STK20C04 features the indust^ standard pinout 
for nonvolatile RAMs in a 28-pin 600 mil plastic DIP. 



LOGIC BLOCK DIAGRAM 



PIN CONFIGURATIONS 



A,- 
Ai- 

Ar- 



-1^ 



EEPROM ARRAY 
64X64 



STATIC RAM 
MRAY 
MXS4 



STORE 

^ / 
RECAa 





STORe 
RECAU. 
CONTROL 




j~CII=i— W 



28 -606 PUP 



PIN NAMES 



-iS 





AddraM Inputs 




WiteEnabto 


OQ0-DQ7 


Data In/Out 




ChlpEiuUs 




Output Erubla 


m 


Nonvolatle Enable 


Vcc 


Power (+5V) 


Vss 


Ground 
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ABSOLUTE MAXIMUM RATINGS^ 

Voltage on typical Input relative to Vss -0.6V to 7.0V 

Voltage on DQ0-7 and 5 , -0.5V to (Vcc+0.5V) 

Temperature under bias -55°C to 1 25°C 

Storage temperature -65°C to 1 50°C 

Power dissipation 1W 

DC output current 15mA 

(One output at a time, one second v k >- 1 , , ( 



Note a: Stresses greater than those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maxifflUinig||!ppKitf tlai^iteicextendad 
periods may affect reliability. 



DC CHARACTERISTICS 



(Vec = 5'0V±10%) 





DADAUCTCD 
f AHAMt 1 tn 


COMMERCIAL 


INDUSTRIAL 


UNITS 


NOTES 


MIN 












MAX 


MIN 


MAX 




Ice,'" 


Average Vqq Current 




85 




90 


mA 


t...... I- 30ns 

AVAV 








80 




85 


mA 


tftt/Av/ " 35ns 

AVAV 








75 




80 


mA 


tAi/Avr " 45ns 

AVAV 


fcca" 


Average y^c Current 




50 




50 


mA 


All inputs at 




during STORE cycle 












V|„<0.2Vor2(Vco-0.2V) 




Average Vq^. Current 




27 




30 


mA 


'avav - 30ns 




(%anabi(li'^eft«BtTl Input Lavelt^ 




23 




27 


mA 


•avav - 35ns 








20 




23 


mA 


Iavav - *5ns 
















E ^ V,^; all otfiers cycling 


lsB2° 


Average Vqq Currenl 




1 




1 


mA 


E>(Voc-0.2V) 




(Standby. Stable CivlOS inpui Levels) 












all ottiers V.^ < 0.2V or i (Vqc - 0.2V) 


'ilk 


Input Leakage Current (Any Input) 




±1 




+1 




Voc - 
















ViN-VsstoVoc 


Iqlk 


Off Staw dotput tetila^ Current 




±5 




±5 


jiA 


Vcc - m« 
















V|N-Vss'OVoc 


V|H 


Input Logic '1* Voltage 


2.2 


Vcc+-5 


2.2 




V 


All Inputs 


V,L 


Input Logic "0" Voltage 


VsS--5 


0.8 


VsS-5 


0.8 


V 


All Inputs 


VoH 


Output Logic "1" Voltage 


2.4 




2.4 




V 


Iqut - -4mA — 


Vol 


Output Logic "0" Voltage 




0.4 




0.4 


V 


Iqut - SfTiA 


Ta 







78 


-40 


85 


°c 





Note b; Ice, is dependent on output loading and c^ilde rate. The specified values are obtained with outputs unloaded. 

Note c: Bringing E i Vih will not produce standi)/ cuiireitt twels until any nonvolatile cycle in progress has timed out. See MODE SELECTION table, 
ttots d: Iocs is tlw average current required torthe duraUata ef the stere e/tiB ^smt^ after the sequence (^jjjrthiit Mates tlie cycle. 



AC TEST CONDfTIQNS 

Input Pulse Levels Vj^ to 3V 

Input Rise and Fall Times £ 5ns 

Input and Output Timing Reference Levels 1.5V 

Output Load See Figure 1 



CAPACITANCE^ (Ta=25°C, f=1.0MHz) 



SYMBOL 


PARAMETER 


MAX 


UNITS 


CONDITIONS 




Input Capacitance 


7 


pF 


AV-0to3V 


Cqut 


Output Capacitance & W 


7 


pF 


dV.otoav 



Note a: These parameters are guaranteed but not tested. 



Ouipul >- 



30pF 
. INCLUDING 
SCOPE 
AND FIXTURE 



Figure 1: AC Output Loading 
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READ CYCLES #1 & #2 



{Vcc = 5.0V±10%) 



NO. 


SYMBOLS 




PARAMETER 


STK20C04-30 


STK20C04-35 


STK20C04-45 


UNITS 




Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 


%LOV 


^ACS 


Chip Enable Access Tbne 




30 




35 




45 


ns 


2 


*AVAv' 




Read Cycle Time 


30 




35 




45 




ns 


3 


'avov 


^AA 




Address Access Time 




30 




35 




45 


ns 


4 


*GLOV 


*OE 




Output En^le lo Data Valid 




15 




20 




25 


ns 


5 


'axqx 


'oh 




Output Hold After Address Change 


5 




5 




5 




ns 


6 


'elox 


'l2 




Chip Enable lo Outpu! Active 


5 




6 




5 




ns 


7 


t i 

'ehqz 


'hz 




Chip Disable to Output inactive 




15 




17 




20 


ns 


8 


'glox 


>OLZ 




Output Enable lo Output Active 

















ns 


9 


t i 

'ghoz 


'OHZ 




Output Disable to Output Inactive 




15 




17 




20 


ns 


10 


'elicch° 


'pa 




Chip Enable to Power Active 

















ns 


11 


"ehicgl 


'ps 




Chip Disable to Power Standby 




30 




35 




45 


ns 


11A 


'WHOV 


'wn 




Write Recovery TirT» 




35 




45 




55 


ns 



Note c: Bringing E high i«W not pro luce standby currents until any nonvolatile cycle In progress has timed out. See MODE SELECTION table. 

Note e: Parameter guaranteed but not tested. 

Note f: NE must be high during entire cycle. 

Note g: For READ CYCLE «1 and »2. W and NE must be high for entire cycle. 

Note h; Device is continuously selected with E low and G low. 

Note I: Measured ± 200mV from steady state output voltage. 



READ CYCLE #1 '•9 '^ 



DO (Data Out) 



W — 



5 

'axox 



11A 
Vhov 



'AVOV 



READ CYCLE #2 '•9 



ADDRESS 



DO (Data Out) 



'cc 



W 



s 

•euox 



1 

'elov 



8 

'glox 



/////////////////// 



10 

'eucch 



ACTIVE 



STANDBV 



11A 



11 _ 

'ehiccl 



9 

Ighoz 
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WRITE CYCLES #1 & #2 



(Vcc = 5.0V± 10%) 



NO. 


SYMBOLS 


PARAMETER 


STK20C04-30 


STK20C04-3S 


STK20C04-45 


UNITS 


«1 


«2 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 


Ia av 




Writs Cyds Tim© 


45 




45 




45 






13 


^WLWH 




, 


Write Pulse Width 


36 




35 




35 






14 


'ELWH 


"eleh 


'cw 


Chip Enable to End ol Wnle 


36 




35 




35 






15 


'dvwh 


'dveh 


'ow 


Data Set-up to End ol Write 


30 




30 




30 




n* 


16 


'WHDX 


'ehdx 


'oh 


Data Hold After Erxl ol Write 

















ns 


17 


'avwh 


'aveh 


'aw 


Address Set-up to End of Write 


35 




35 




35 




ns 


18 


UvWL 


'avel 


'as 


Address Set-up to Start of Write 

















ns 


19 


VlHAX 


'ehax 


'WR 


Address Hold After End ol Write 

















ns 


20 






'wz 


Write Enable to OutpiA DIsabIa 




35 




35 




35 


ns 


21 


•WHOX 




'ow 


Output Active Alter End ol Write 


5 




s 




5 




ns 



Note f: NE must be high during entire cycle. 

Note i: Measured + 200mV from steady slate output voltage. 

Note k: E or W must be high during address transitions. 

Note m: If W is low when E goes low, the outputs remain In the high Impedance state. 



WRITE CYCLE #1 : W CONTROLLED '■'^ 



ADDRESS 



1 Si 



12 
»AV*V 



14 

Ielwh 



W 



DATA IN 



DATA OUT 



18 
UVWL 



13 



IS 



Vhoz 



»|!|EWO>ISI)*t» 



19 . 



/7777777Z 



_ 16 _, 
llWHDX 



HIGH IMPEDANCE 



21 . 
VlHOX 



WRITE CYCLE #2: E CONTROLLED '■'^ 



AOORESS 





-■ '» r 




'avav 


> 


c \ 








, 1* , 


, 19 » 




'avel 


'eleh 

> 


'ehax 




> 




17 


'aveh 

U > 






la , 


■ 16 _J 



DATA IN 



DATA OUT 



IT 



ilAJ 



^STfKi0CO4 

NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



¥ 


w 


G 


NE 


MODE 


POWER 


H 


X 


X 


X 


Not Selected 


Standby 


L 


H 


L 


H 


Read RAM 


Active 


L 


L 


X 


H 


Write RAM 


Active 


L 


H 


L 


L 


Nonvolatile RECALL" 


Active 


L 


L 


H 


L 


Nonvolatile STORE 


'cC2 


L 


L 


L 


L 


No operation 


Active 


L 


H 


H 


X 







STORE CYCLES #1 & #2 



(Vcc = 5.0V±10%) 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UNITS 


#1 


«2 


Alt 


22 


V/LQx'' 


'eloxs 


'srone 


srOflE Cycle Time 




10 


ms 


23 




'elnhs 


'v»c 


STORE initiation Cycle Time 


25 




ns 


24 


■ghni. 






Output Disable Set-up to NE Fail 


5 




ns 


25 




'ghel 




Output Disable SetHip toFFan 


5 




ns 


26 


'nlwl 


'nlel 




NE Set-up 


5 




ns 


27 


'elwl 






Chip Enable Set-up 


5 




ns 


28 




'w/LEL 




Write Enable Set-up 


5 




ns 



Note: n: An automalic RECALL also takes place at power up, starting when Vcc exceeds 4.0V, and taldng tfl^cMuf'^nri the time at which VccOXceed8 4;SV. 

Vcc i^ust not drop below 4.0V once it has been exceeded (or the RECALL to function properly. 
Note o: If E is low for any period of time in which W is high while G and NE are low, then a RECALL cycle may be initiated. 

Note p: Measured with W and NE both returned high« and G returned low. Note that STORE cycles are inhbited/^rted by Vcc < 4.0V (STORE inhibit). 
Note q: Once two has been satisfied byM. ^, E tie qrde Is Q^f^pHM fl»jN>MidH|F^ Al^of Worf m^be USed Id temMelhe 

STORE initiation cycle. 



STORE CYCLE #1: W CONTROLLED° 



NE 



G 
W 



»- 24 - 
•SHNL 



26 



DQ (Data Out) - 



27 
'elwl 



23 
'WLNH 



^^^^ 



HISH IMPEDANCE 



22 . 



STORE CYCLE §2: E CONTROLLED° 



26 
tNLEL 



G wmm 



zs 

•SHEL 



2B 
■WLEL 



r 



23 



DQ (Data Out) 



22 
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RECALL CYCLES #1 , #2 & #3 



(Vcc = 5.0V+10% 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UNITS 


«1 




Alt 


29 


'nlox' 


'eloxr 


'gloxr 






20 




30 




'elnhr 


'glnh 


RECALL InMalion Cycle Tima 


25 




ns 


31 




'nlel 


■nlol 


NE Set-up 


5 




ns 


32 


•CLNL 


'glel 




Output Enable Set-up 


S 




ns 


33 


VfHNL 


'WHEL 


*whgl' 


WrKe Enable Set-up 


S 




ns 


34 


'elnl 




'elgl 


Chip Enable Set-up 


s 




ns 


35 


'nloz 






NE to Output* InaeUw 




25 


ns 



Noler: Measured with W and fiE both hlghjnd Said Ejow. 
Notes: Once Inlnh has been satMM by NE,G, Wand E. the RECi«U.(«doli 

REC/U.1. Inltiallon cyde. 

Nolat: I Wit lowal anypoim in wMehbMhl and NE-ai«'lawindl|lsMghtttiw 



conplaled automadcally. Anyof NE, QorE may bausadtotarminataihe 
tSTPREcydawHbeinHlMd Instead ol a RECALL 



RECALL CYCLE #1: NE CONTROLLED° 
Si 



G \\\\\\\\\\\\\\\\\\. 



. W _ 
■SLNL 



3« _ 

■bml 



DO(DaMOi^ 



ae 

VUMH 



3^ 



35 
"WLOZ 



29 . 

■nlqx 



-:f — 



RECALL CYCLE #2: E CONTROLLED^ 



31 . 
■nlel 



32 . 



'/////////////////r 



oa^aiaQM) 



mmmmjL 



29 



RECALL CYCLE #3: G CONTROLLED°'* 



NE 
6 



\\m\m\m\W^ 



31 . 
VltSL 



w w/mm/m 



33 . 
■WHGL 



34 



30 
VSLNM 



DO (Data Out) 



29 

Vbloxr 
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DEVICE OPERATION 



The STK20C04 has two modes of operation: SRAM 
mode and nonvolatile mode, determined by the stale of 
the NE pin. When in SRAM mode, the memory operates 
as a standard fast static RAM. While in nonvolatile 
mode, data Is transferred in parallel from SRAM to 
EEPROH/1 or from EEPROM to SRAM. 

SRAM READ 

The STK20C04 performs a READ cycle whenever E 
and G are LOW and NE and W are HIGH. The address 
specified on pins Aq^ determines which of the 512 
data bytes will be accessed. When the READ Is Initiated 
by an address transition, the outputs will be valid after 
a delay of tAvov (READ CYCLE #1). If the READ is 
initiated by E or G, the outputs will be valid at or 
at tcLQv whichever is later (READ CYCLE #2). The data 
outputs will repeatedly respond to address changes 
within the tAvov access time without the need for 
transitions on any control input pins, and will remain 
valid until another address change or until E or G is 
brought HIGH or W or NE is brought LOW. 

The STK20C04 Is a high speed memory and therefore 
must have a high frequency bypass capacitor of ap- 
proximately O.ltiF connected between DUT Vcc and 
Vss using leads and traces that are as short as pos- 
sible. As with all high speed CMOS ICs, normal careful 
routing of power, ground and signals will help prevent 
noise problems. 

SRAM WRITE _ 

A write cycle is performed whenever E and W are LOW 

and NE is HIGH. The address inputs must be stable 
prior to entering the WRITE cycle and must remain 
stable until either Eor W go HIGH at the end of the 
cycle. The data on pins DQ0.7 will be written into the 
memory if it is valid tovwH before the end of a W 
controlled WRITE or tovEH before the end of an E 
controlled WRITE. 

It is recommended that G be kept HIGH during the entire 
WRITE cycle to avoid data bus contention on common 
I/O lines. If S is left LOW, internal circuitry will turn off 
the output buffers twLoz a'ter W goes LOW. 



NONVOLATILE STORE 

A STORE cycle is performed when NE, E and W are 
LOW and G is HIGH. While any sequence to achieve 
this state will initiate a STORE, only W initiation {STORE 
CYCLE #1) and E initiation {STORE CYCLE #2) are 
practical without risking an unintentional SRAM WRITE 
that would drsturto SRAM data. During a STORE cycle, 
previous nonvolatile data is erased and the SRAM 
contents are then programmed into nonvolatile ele- 
ments. Once a STORE cycle Is initiated, further input 
and output is disabled and the DQq^/ pins are tri-stated 
until the cycle is completed. 

If E and G are LOW and W and NE are HIGH at the end 
of the cycle, a READ will be performed and the outputs 
will go active, signaling the end of the STOFIE. 

HARDWARE PROTECT 

The STK20C04 offers two levels of protection to sup- 
press inadvertent STORE cycles. If the control signals 
(E, G, W, and RE) remain inthe STORE condition at the 
end of a STORE cycle, a second STORE cycle will not 
be started. The STORE (or RECALL) will be initiated 
on ly after a transition on any one of these signals to the 
required state. In addition to multi-trigger protection, 
the STK20C04 offers hardware protectionthrough Vcc 
Sense. A STORE cycle will not be initiated, and one in 
progress will discontinue if Vcc goes below 4.0V. 4.0V 
is a typical, characterized value. The datasheet speci- 
fications are guaranteed only for Vcc = 5-0 * 10%. 

NONVOLATILE RECALL 

A RECALL cycle is performed when E, G, and NE are 
LOW and W is HIGH. Like the STORE cycle, RECALL is 
initiated when the last of the four clock signals goes to 
the RECALL state. Once initiated, the RECALLcyde will 
take tNLQx to complete, during which all inputs are 
ignored. When the RECALL completes, any READ or 
WRITE state on the input pins will take effect. 

Internally, RECALL is a two step procedure. First, the 
SRAM data is cleared and second, the nonvolatile 
information is transferred into the SRAM cells. The 
RECALL operation in no way alters the data in the 
nonvolatile cells. The nonvolatile data can be recalled 
an untiffllted number of times. 
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STK0OQO4 



Like the STORE cycle, a transition must occur on any 
control pin to cause a recall, preventing inadvertent 
multi-triggering. On power-up, once Vcc exceeds the 
Vcc sense voltage of 4.0V, a /7EC/4Z./. cycle Is automati- 
cally Initiated. The voltage on the Vcc pin niust not drop 
below 4.0V once it has risen above it in order for the 
RECALL to operate properly. Due to this automatic 
RECALL, SRAMoperation eartnot commence until%^ 



after Vcc exceeds 4.0V. 4.0V is a typical, character- 
ized value. 

If the STK20C04 is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 

To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and system Vcc- 
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ORDERING INFORMATION 




STK20G04 - W 35 I 



L 



Temperature Range 

blank = Commercial (0 to 70 degrees C) 
I = Industrial (-40 to 85 degrees C) 



Access Time 

30 - 30ns 
35 = 35ns 
45 » 45ns 



Package 

W = Plastic 28 pin 600 mil DIP 
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SimTEK 



STK10C48 

CMOS nvSRAM 
High Performance 
2K X 8 NonvoMiie SMic RAM 



FEATURES 

30, 35 and 45ns Access Times 

15, 20 and 25ns Output Enable Access 

Unlimited Read and Write to SRAM 

Hardware sroHE Initiation 

Automatic srof7£ Timing 

100,000 SrO/7£ cycles to EEPROM 

10 year data retention In EEPROM 

Automatic RECALLan Power Up 

Hardware /?£C»L1. Initiation 

Unlimited RECALL cycles from EEPROM 

Single 5V±10% Operation 

Commercial and Industrial Temperatures 

Available In multiple standard packages 



DESCRIPTION 

The Simteic STK10C48 is a fast static RAM (30, 35, 
45ns), with a nonvolatile electrically-erasabie PROM 
(EEPROM) element incorporated in each static memory 
cell. The SRAM can be read and written an unlimited 
number of times, while independent nonvolatile data 
resides in EEPROM. Data may easily be transferred 
from the SRAM to the EEPROM {STORE), ojjrom the 
EEPROM to the SRAM (RECALL) using the NE pin. It 
combines the high performance and ease of use of a 
fast SFMM with nonvdatfile data integrity. 

The STK1 0C48 festturss the industry standard pinout 
for nonvolatile RAMs In a28-pin 300 mil plastic DIP, 28- 
pin 600 mil plastic DIP, and 28-pin SOIC package. 



LOGIC BLOCK DIAORAM 



PIN CONHGURATIONS 



A,- 
A.- 



Ar- 



V 



EEPROM ARRAY 
256 x 64 



STORE 



STATIC RAM 
ARRAY 
266x84 



RECALL 

y 




STORE/ 
RECALL 
CONTROL 



j~ClS— s 



mIC < 

NCC I 
A,E » 
A,l t 
A.C • 
A«C • 
A,C' 
A.C. 
A,C . 
A.C w 
DO,C << 
DO,C n 
DO,C l> 
VInC » 



■ 3 NC 
K 3 A| 

3 A| 

■ 3NC 

«3S 

X 3 A„ 
"3 E 
u 3 DOT 

« 3 oot 

V 3 DOi 

w 3 004 

«• 3 DOS 



28-350 SOIC 
28-300 POIP 
28-600 PDIP 

PIN NAIMES 



*0"*10 


AddraM Inputs 


w 


WrloEMbto 


DQ0-DQ7 


DaUMOul 




ChlpEiuMe 




Output Eiufala 




Nonvolalte Enable 




Power (+SV) 


v« 


Qmmd 



STK10C48 



ABSOLUTE MAXIMUM RATINGS' 

Voltage on typical Input relative to Vss- -0.6V to 7.0V 

Voltage on DCb.7 and 5 .-0.5V to (Vcc+0.5V) 

Temperature under bias -55°C to 125''C 

Storage temperature -65°C to 150°C 

Power dissipation 1 W 

DC output current 15mA 

DC CHARACTERISTICS 



Note a: Stresses greater than those listed under 'Absolute Maximum 
Ratings* may cause permanent damage to the device. This Is a stress 
rating only, and functional operation of the device at conditions atx>ve 
those indicated In the operational sections of this specification Is not 
implied. Exposure to absolute maxIciHmtirilifHMKPnpfftr^t^^ 
periods may affect reliability. 



(Vcc-5.0V±10%) 



SYMBOL 


PARMETBI 


COHUEHaAL 


INDUSTRUU. 


UNns 


NOTES 


Mm 


MAX 


MIN 


MAX 


1 b 






8S 
80 

75 




90 
85 
80 


mA 
mA 


1...... m SOnfi 

1...... B "Vins 

UvAV 

t..... . B 45nB 

■avav 


lee" 
"CC2 


Average V^q Current 
during STORE cyds 




SO 




SO 


mA 


Al Inputs at 

V,NS0.2Vora(V<jc-0iV) 




Average Vgg Currant 

(Standby, Cydkig TTL Input Levels) 




27 
23 

20 




30 
27 

23 


mA 
mA 

mA 


'avav"**" 
'avav- 3*" 

UvAV - *5n8 

E ^ V^; all others cycling 




Amiage Vqq CuaaM 




1 




1 


mA 


Ei(Vcc-OiV) 

al olhan V,N £ 02V cr 2 (Voc - 0^ 




InpM Mac^Qwmil (Mr InpMO 




±1 




±1 


MA 


Vcc-max 

V|„.Vssl0Vcc 




OR 9Ma Oupul Laakaga Cunanl 




±5 




±S 


liA 


Vcc-max 
V,N-Vss«>Voc 


V,H 


Input Logic '1' Voltage 


2.2 


Vcc+-5 


2.2 


Vcc+-5 


V 


AH liputs 


Vlt 


Input Logic 'Cr Voltage 


Vss-.5 


0.8 


Vss--5 


0.8 


V 


All Inputs 


VOH 


Output Logic '1' Voltage 


2.4 




2.4 




V 


'out " -4mA 


Vol 


Output Logic '0* Voltage 




0.4 




0.4 


V 


louT-8mA 


T* 


OpaMflng Tamparalun 





70 


-40 


85 


•c 





Note b; Icc^ Is dependent on output loading and cycle rate. The specified values are obtained with outputs unloaded. 

Notae BringliigEiViHwnrKit produce standby current levak until any nonvolatile cycle In progress has tkn^ Sea MODE Sa.ECTION table. 



AC TEST CONDITIONS 





V„to3V 


Input Rise and Fall Times 




Input and Output Timing Raferenoe Levels 


1.5V 







CAPACITANCE^ (Ta-25»C, f= 1.0MHz) 



SYMBOL 


PARAIKTER 


MAX 


UMTS 


CONOtTIONS 


Cm 


Input C^ndtance 


7 




AV-0to3V 


Cour 


Output CapaEtanee 


7 


pF 


AV-0to3V 



2SB OhiM ^ 



S.OV 



480 Ohms 



30pF 
_L INCLUDING 
- SCOPE 
AND FIXTURE 



NMiie: Tlfa pwswsur ■ anaguaiaaiaad but net taatad. 



Figure 1 : AC Ou4>ut Loading 




READ CYCLES #1 & #2 



(Vcc-5.0V±10%) 



NO, 


SYMBOLS 


I'AHAMfc 1 bH 


STK10C4a-30 


STK10C48-3S 


STK10C48-45 


UMTS 


«1,«2 


AH 


MN 


MAX 


MN 


MAX 


MN 


MAX 


1 


'elqv 


'acs 


Chip Enable Access Urns 




30 




35 




4S 


ns 


2 


'av*v' 


'hg 


Read Cyds Hme 


30 




35 




45 




ns 


3 


'avqv 


'aa 


Address Access Time 




X 




35 




45 


ns 


4 


'glqv 


toE 


Output Enable to Deta Valid 




IS 




20 




25 


ns 


S 


'axox 


toH 


Output Hold Alter Address Change 


5 




5 




5 




ns 


6 


Ielox 


\2 


Chip Enable to Oulpu AcSva 


5 




S 




S 




ns 


7 


'ehoz' 


'HZ 


Chip Disable to Output Inactive 




IS 




17 




20 


ns 


B 


*aLOx 


w 


Output Enable to Output Active 

















ns 


9 


W' 


"OHZ 


Output Disable to Output inactive 




IS 




17 




20 


ns 


10 


'eucch' 


'pa 


Chip Enable to Potver Active 

















ns 


11 


•ehiccl" 


>P8 


Chip Disable to Power Standby 




30 




35 




45 


ns 


11A 


'WHQV 


'Wr 


Write Reeovaqr Time 




35 




45 




55 


ns 



Note c: Bringing E high will not produce standby currents unti mjf nonvotaHle cyde In progress has tbnad out See MODE SELECTION Kbh. 
Note e: Parameter guaranteed but not tested. 
Note f : NE must t>e high during entire cyde. 

Note g: For READ CYCLE *1 and *2, W and NE must be high for entire cycle. 
Note h: Device is continuously seleded with E low and G low. 
Note I: Measured ±200mV from steady state output voltage. 

READ CYCLE 



QQPMbOuQ 



READCYQLE#2''9 



ADDRESS 



>GC 



■avov 



11A 
•wHOV 



DATAVAUP 













i - - - 5 





4 . 

'glov 



VlLOX 



10 . 

■eucoh 



3^ 



11A 
'wHQV 
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WRITE CYCLES #1 & #2 (Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


STK10C4»« 


STK10C48.aS 


STK10C4»4S 


UMTS 


«1 




Alt 


MiN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 




iwo 


WrKd Cydo Tlrnd 


45 




45 




45 






13 


luui UlU 




•wp 


Wrtta Pulsa \Mdth 

TVIILV rUloO TTlUlll 


35 




35 




35 






14 


'euwh 


'eleh 


'cw 


Chb f nabia to f nd of Writs 


35 




35 




35 




ns 


15 


'dvwh 


'dveh 


'dw 


Data Set-up to End of Write 


30 




30 




30 




ns 


16 


•WHDX 


'ehdx 


'dh 


Data Hold After ErxJ of Write 

















ns 


17 


'avwh 


UvEH 


w 


Address Set-up to End of Write 


35 




35 




35 




ns 


18 


'avwl 


'avel 


<AS 


Address Set-up to Stan of Write 

















ns 


19 


•WHAX 


'ehax 




Address Hokj After End of Write 

















ns 


20 






'wz 


Write Enable to Output Disable 




35 




35 




35 


ns 


21 


IWHOX 




•ow 


Output Active After End of Write 


5 




S 




5 




ns 



Notef: NE must be liigh during entire cycle. 

Note 1: Measured ± 200mV from steady state output voltage. 

Note k: E or W must be li^h during address transitions. 

Note m: If W Is low when E goes low, the outputs remain In the high Impedance state. 



WRITE CYCLE #1: W CONTROLLED '-"^ 



ADDRESS 



1 



'avav 



14 
^LWH 



w 



DATA IN 



data OUT 



18 
UVWL 



17 . 
*AVWH 



•WLWH 



IS 

'dvwh 



DATAVAUD 



20 . 



PBEVWUSDATA 



Wax 



mm 



»_ 16 _» 
<WHDX 



HIGH IMPEDANCE 



21 . 
IWHOX 



WRrre GYCLE#2: E CONTROLLED 



address 



DATA IN 









'avav 




i - ) 






, IB , 


, 11 , 


, 19 ^ 




'avel 


'eI£H 


'ehax 




> 




17 


'aveh 











DATAOUT 



HIGH IMPEDANCE 



NONVOLATILE MEMORY OPERATION 



MODE SELECTION 





w 






MODE 


POWER 


H 


X 


X 


X 


Not Selected 


Standby 


L 


H 


L 


H 


Read RAM 


Active 


L 


L 


X 


H 


Write RAM 


Active 


L 


H 


L 


L 


Nonvolatla nEOUi." 


Active 


L 


L 


H 


L 


NomaUtoSICinE 




L 


L 


L 


L 


Msflpsntfon 


AoUva 


L 


H 


H. 


X 







STORE CYCLES «1 &«2 



(Vcc-5.0V±10% 





SVMBOU 


PARMEIBI 


MN 


MAX 


UNTTS 


#1 


•2 


An. 


22 




'eloxs 




STORE Cycle Time 




10 


ms 


23 




'elmhs 


•wc 


STORE Initiation Cycle Time 


25 




ns 


24 


'OHNL 






Output Dluble Set-up to NE Fall 


S 




ns 


25 




'SHEL 




Output DhableSal-upto'CFal 


5 




ns 


26 


VlLWL 


'nlel 




NESat-up 


5 




ns 


27 








Chip Enabia Set-up 


5 




ns 


28 




•WLEL 




Write EnatHa Set-up 


S 




ns 




Note n: An auiomallc RECALL also talies place at power up, staning when Vcc exceed* 4XW, nd tiMng I/ecmu lioni the tkns at «Mch Voo OBaada 

Vcc must not drop twiow 4.0V once II has exceeded It for the RECALL to funedan pioperV- 
Note o: H E Is low for any period of time In which W Is highwhile G and NE an low, than a fSCALL cyde may l>e Initiated. 

Nolep: Measured with Wand NEIxith returned high, and G returned low. Net* ttaSIDREc^daa are lnhl)ltedM)orted by Voc< 4.0V (STORE Inhbk). 
NMeq: Once ty^; has been *allall>d^lii.aig<W<i.«»We«a»cl»fclWi^ 
STORE InlttaOlon cyde. 

STORE CYCLE #1 : W CONTROLLED° 

iti - 



V 



G 
W 



. 26 
VUMI 



27 . 
*ELVin. 



23 
VHNH 



OQ (Data Out) 



HIGH IMPEDAWCE 



Vrus 



STORE CYCLE #2: E CONTROLLED° 
Ni 



w mmm^^^^ 




MXIHIMraWKE 


1 » 

%|QXB 






mm 












hr - h ii 



RECALL CYCLES #1 , #2 & 43 



{Vcc = 5.ov±io%; 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UNITS 


#1 


«2 


«3 


29 




%LOXR 


VsLQXR 


R£C>U.l.CycleTliTn 




20 


1^ 


30 


'nlnh' 


'elnhr 


•glnh 


RECALL Intlatton Cyde Ttae 


25 




ns 


31 




'nlel 


'nlgl 


NE Set-up 


5 




ns 


32 


*GLNL 


'glel 




Output Enable Set-up 


S 




ns 


33 


•wHNL 


•WHEL 


•whgl' 


WrHe Enable Set-up 


S 




ns 


34 


'elnl 




'elgl 


Chip Enable Set-up 


5 




ns 


35 


'nloz 






NE Fan ts Otitpub Itiai^ 




25 


ns 



Notsn MeawtedwlthWandK[Ebothhlgh;_andGwidElow^ 

Note Onpe tNUM has bean sallslled by NE, G, W and E, the RECALL cyde Is completed automaHeally. Any of NE, G or E may be used toieiwlnate the 

iteCSitti'lnltlatlon eyde. _ 

Note t: r W b lewat any point In mlhlch both 1 and NE are low and G Is high, then a STORE wll be Initiated InsMad of a RECALL 



RECALL CYCLE #1 : NE CONTROLLED^ 

nI 



33 . 
•WHNL 



DOPaMOuQ 



. 30 
*NI.NH 



29 . 

'nuix 



. imsmimgf- 



RECALL CYCLE E CONTROLLED^ 



NE \m\\m\\w\\^ . 



31 . 
*nlel 



32 . 
'SLH. 



w mzmzm/ 



30 

'elnhr 



DQpatsOa^ 



RECALL CYCLE #3: G CONTROLLED^** 



MISHIMPBMeE 


5Q 
*ELCIXR 














DEVICE ©PERATION 



The STK10C48 has two modes of operation: SRAM 

mode and nonvolatile mode, determined by the state of 
the NE pin. When in SRAM mode, the memory operates 
as a standard fast static RAM. Whiie in nonvolatile 
mode, data is transferred in parallel from SRAM to 
EEPROM or from EEPROM to SRAM. 

SRAM READ 

The STK10C48 performs a READ cycle whenever E 
and G are LOW and NE and W are HIGH. The address 
specified on pins Aq-io determines which of the 2048 
databytes willbe accessed. Whenthe READis initiated 
by an address transition, the outputs will be valid after 
a delay of Iavov (READ CYCLE #1 ). If the READ is 
initiated by E or G, the outputs will be valid at teuav of 
attotov whichever is later (READ CYCLE #2). The data 
outputs will repeatedly respond to address changes 
within the tAvov access time without the need for 
transitions on any control input pins, and will remain 
valid until another address change or until E or G is 
bTKHight HI0H or Wor NE is bi^s^ht LOW. 

The STK1 0C48 is a high speed memory and therefore 

must have a high frequency bypass capacitor of ap- 
proximately 0.1 |iF connected between DUT Vcc and 
Vss using leads and traces that are as short as pos- 
sible. As with all high speed CMOS ICs, normal careful 
routing of power, ground and signals will help prevent 
noise problems. 

SRAM WRITE _ 

A write cycle is performed whenever E and W are LOW 
and NE is HIGH. The address inputs must be stable 
prior to entering the WRITE cycle and must remain 
^sMb until either E or Wgo HIGH at the end of the 
cyde. The data on pins DQq.? will be written into the 
memory if it is valid tovwH before the end of a W 
controlled WRITE or tovat the end @f an E 

controlled WRITE. 

tt is recommended that G be kept HIGH during the entire 
WRITE cycle to avoid data bus contention on common 
I/O lines. If G is left LOW, internal circuitry wifl tum off 
the output buffers twixiz after W goes LOW. 



NONVOLATILE STORE 

A STORE cycle is performed when NE, E and W are 
LOW and G is HIGH. While any sequence to achieve 
this state will initiate a STORE, only W initiation {STORE 
CYCLE #1) and E initiation {STORE CYCLE #2) are 
practical without risking an unintentional SRAM WRITE 
that would disturb SRAM data. During a STORE cycle, 
previous nonvolatile data is erased and the SRAM 
contents are then programmed into nonvolatile ele- 
ments. Once a STORE cycle is initiated, further input 
and output is disabled and the DQ0.7 pins are tri-stated 
until the cycle is completed. 

If E and G are LOW and W and NE are HIGH at the end 
of the cycle, a READ will be performed and the outputs 
will go ae^e. s^nallr^ the end sf the STGSE. 

HARDWARE PROTECT 

The STK1 0C48 offers two levels of protection to sup- 
press inadvertent STORE cycles. If the control signals 
(E, G, W, and NE) remain in the STORE condrtion at the 
end of a STORE cycle, a second STORE cycle will not 
be started. The STORE (or RECALL) will be Initiated 
only after a transition on any one of these signals to the 
required state. In addition to multi-trigger protection, 
the STK1 0C48 offers hardware protection through Vcc 
Sense. A STORE cycle will not be initiated, and one in 
progress will discontinue if Vcc goes below 4.0V. 4.0V 
isa%pical, characterized value. The datasheet speci- 
ficatbns are guaranteed only for Vcc = 5.0V ± 1 0%. 

NONVOLATILE RECALL _ _ 
A REC^li. cycle is performed when E, G, and NE are 
LOW and Wis HIGH. Like the STOREcycle, RECALL is 
initiated when the last of the four clock signals goes to 
the RECAL/L state. Once initiated, the RECALL cycle will 
take tNLQx to complete, during which all inputs are 
ignored. When the RECALL completes, any READ or 
WRITE state on the input pins will take effect. 

Internally, RECALL is a two step procedure. First, the 
SRAM data is cleared and second, the nonvolatile 
information is transferred into the mM» celts. The 



mm@m$ 



nonvolatile cells. The nonvolatile^fteic&inberfaalled 
an unlimited number of times. 

Like the STORE cycle, a transition must occur on any 
control pin to cause a recall, preventing inadvertent 
multi-triggering. On power-up, once Vqc exceeds the 
Vcc sense voltage of 4.0V, a RECALL cycle is automati- 
cally initiated. Thevoltageonthe Vccpin mustnotdrop 
below 4.0V once it ftss risen above it in order fm the 



RECALL to operate properly. Due to this automatic 
RECALL, SRAM operation cannot commence until tNLox 
after Vcc exceeds 4.0V. 4.0V is a typical, character- 
ized value. 

If the STK10C68 is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 
To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and system Vcc- 
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ORDiftING INFORiMATiON 



STK10C48 - P 30 I 

L Temperature Range 

blank = Commercial (0 to 70 degrees C) 
I - Industrial (-^0 to 85 degrees C) 



Access Time 

30 = 30ns 
35 -35ns 
45-45ns 



Package 

P - Plastic 28 pin 300 mil DIP 
W= Plastic 28 pin 600 mil DIP 
S - Plastic 28 pin SOIG 



NOHES 





SimTEK 



STK11C48 

CMOS nvSRAM 
High Performance 
2K X 8 NonvolaUte ^tic RAM 



FEATURES 

30, 35 and 45ns Access Times 

15, 20 and 25ns Output Enable Access 

Unlimited Read and Write to SRAM 

Software STORElnltlatlon 

Automatic sro/7£Tlmlng 

100,000 S70f7E cycles to EEPROM 

10 year data retention In EEPROM 

Automatic RBCALLon Power Up 

Software RECALL Initiation 

Unlimited RECALL cycles from EEPROM 

Single 5V±I0% Operation 

Commercial and Industrial Temperatures 

Available In multiple standard packages 



DESCRIPTION 

The Simtek STK11C48 is a fast static RAM (30, 35, 
45ns), with a nonvolatile eiectrically-erasabie PROM 
(EEPROM) element incorporated in each static memory 
cell. The SRAM can be read and written an unlimited 
number of times, while independent nonvolatile data 
resides in EEPROM. Data transfers from the SRAM to 
tiie EEPROM (STORE), or from the EEPROM to the 
SRAM {RECALL) are initiated through software se- 
quences. It combines the high performance and ease 
of use of a fast SRAM with noinidaWe iMa integrity. 

The STK11C48 is pin compatible with industry stan- 
dard SRAMs and is available in a 28-pin 300 mil plastic 
DIP, 28-pin 600 mil plastic DIP package and 28 pin 
SOIC padcages. 




LOGIC BLOCK DIAGRAM 



A,- 

*4- 



At- 



I 



STATCRAM 

ARRAY 
256 x 64 



SPROMAIWAY 
256 x 64 



STORE 

/ / 
RECALL 



XT 



STORB 
RECALL 
CONTROL 




PIN CONFIGURATIONS 



sC 1 
sC • 
»C ■ 



Ai 

A.C 

A.[ 

A,C 

*.c 

DO.C 
DO, C 
DO,C 
Vas 



ir 

3 MB 
] Am 
3 Ai 

3 NC 

33 

3 A„ 
3 E 
3 D07 
3 DOt 
3 DOi 
3 D04 
3 DOI 



28 - 350 SOIC 
2B - 300 POIP 
28 - 600 PDIP 

PIN NAMES 



*o-*io 


Address Inputs 


W 


Write Enable 


DCJo-DO, 


Data In/Out 


e 


Chip Enable 


G 


Output Enable 


Voc 


Power (+5V) 


Vm 


Ground 



S1K110I8 



ABSOLUTE MAXIMUM RATINGS^ 

Voltage on typical input relative to Vss -0.6V to 7.0V 

Voltage on DQ0-7 and S .-0.5V to (Vcc+0.5V) 

Temperature under bias -55''C to 125°C 

Storage temperature SS'C to 150°C 

Power dissipation 1W 

DC output current 15mA 

DC CHARACTERISTICS 



Note a: Stresses greater than those listed under "Absduta Maximum 
Ratings' may cause permanent damage to the device. This Is a stress 
rating only, and functional operation of the device at conditions atrave 
those Indicated in the operational sections of this specification Is not 
implied . Exposure to absolute msM\mmW#^mMmi)0ft«amd»d 
periods may affea reliability. 



(Vqq- 5.0V ±10%) 



SYMBOL 


nuMUErBi 


COIUERaAL 


INDUSTRIAL 


UMTS 


NOTES 


Ulll 
Mffl 


UAV 
MAA 


Min 


UAV 
MAA 


w 


Awarags Vqq Current 




85 
80 

75 




90 
85 
80 


mA 
mA 
mA 


'aVAV-30™ 
'aV»V-3*» 

'AVAV-*5ne 


1 d 
tca 


— — 

AvBffsge Vqq Current 

during S7D/?£qrcle 




so 




50 


mA 


AH Inruife art 
nil NipuiS HI 

V,H s 0.2V or i(Vco- 0.2V) 




Avwaga VeQCun«nt 

(Stani&y, Cycling TTL Input Lavels) 




27 
23 
20 




30 
27 
23 


111 


'avav " 

»AVAV-35™ 

'avav -♦5ns 

?2 V|h: al olhen eyeing 


W 


Average Vq^ Currant 

(Standby. SlaUe CMOS Input Levels) 




1 




1 


mA 


Pi(V„.-0.2V) 

an other* y,^s OSH or 2 (Vqc - 0.2V) 








±1 




±1 


^A 


Vj^-max 
V|N-VsstoVcc 


loLK 


OR SIMa Output Laakage Cuneni 




±5 




±5 


(lA 


V^ - max 
ViN-Vss'oVcc 


V,H 


Input Logic '1' Voltage 


2.2 


Vcc+-5 


2.2 


Vcc+-5 


V 


All Inputs 


V,L 


Input Logic '0* Voltage 


Vss-s 


0.8 


VsS-5 


0.8 


V 


All Inputs 


VOH 


Output Logic '1' Voltage 






2.4 




V 


Iqut " -4mA 


Vol 


Output Logic '0" Voltage 




0.4 




0.4 


V 


louT-8mA 




Operating Temperature 





70 


-40 


85 


•c 





Note b: Ice, Is dependent on output loading and cycle rata. The specified values are obtained with outputs unloaded. 

Notee: Bringing E 2 VihwII not produce standby current levels until any nonvolatile cyda In prograas has Ikiad out See MODE SELECTION table. 
Noted: lceil*tl»*Mno*(WMi«|ulradtar«ieduiatoo(llw(loraqrda(^widiliwlh*ta 



AC TEST CONDITIONS 





v^ioav 






Input and Output Timing Reference Levels 


1.5V 


Output Load 


. . . See Figure 1 



CAPACITANCE^ (Ta=25°C, f=1 .OMHz) 



SYMBOL 


PARAMETEH 


MAX 


UMTS 


CONOI'nONS 


Cm 


Input Capadanoe 


7 


pF 


AV-0IO3V 


''OUT 


Oulpiil Cipacllanea 


7 


pF 


AV>0to3V 



NslaK Thase p e ram a um aw guaanisad but nettaslad. 



5.0V 



480 CIm 



aopF 

_L INCLUDING 
■ SCOPE 
ANOHXTURE 



Figure 1: AC Output Loading 
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.STK11C48 



READ CYCLES #1 & #2 



(Vcc"=5.0V±10%) 



NO. 


SYMBOLS 


PARAMETER 


STK11 048-30 


STK11C48-3S 


STK11C48-4S 


UNITS 


*1,*2 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 


'elov 


t 

"ACS 


Chip Enable Access TUnB 




30 




35 




45 


ns 


2 


'*v*v' 


f 

'nc 


Read Cycle Time 


30 




35 




45 




ns 


3 


t >< 


t 

'aa 


Address Access Time 




30 




35 




45 


ns 


4 




•oe 


Output Enable to Data Valid 




15 




20 




25 


ns 


5 




■oh 


Output Hold After Address Change 


5 




5 




5 




ns 


6 


'elox 


«LZ 


Chip Enable to Output AcHwe 


5 




5 




5 






7 


'ehqz' 


<HZ 


Chip DtaaM* to Output Inactive 




15 




17 




20 


ns 


8 


Wlox 


•OLZ 


Output Enable to Output Active 

















ns 


9 


•ghqz' 


•OHZ 


Output Disable to Output Inactive 




IS 




17 




20 


ns 


10 


•euoch* 


IPA 


Chip Enable to Ponwr Acflve 

















ns 


11 


'EHICCL 


'ps 


Chip Disable to Power Standby 




30 




35 




45 


ns 


11A 


'WHOV 




Write Recovery Time 




35 




45 




55 


ns 



Note c: Bringing E high will not produce standby currents until any nonvolatile cycle In progiess has timed out See MODE SEI-ECTION t 

Note e: Parameter guaranteed but not tested. 

Note g: For READ CYCLE *1 and *2, W must be high for entire cyde. 

Note h: Device Is continuously selected with 1 low and G low. 

Note I: Measured ± 200mV from steady state output voltage. 



READ CYCLE #1 9-'' 



ADDRESS 



DQ(DalaOuq 



2 
UVAV 



s 

'axox 



11A 
Vmov 



READ CYCLE #2 9 



ADDRESS 



DQtMaOuQ 



*AVAV 



4 . 

(qlov 



toLOX 



ACTIVE 



W ^ 



11A 



'//mm/m 



S1Xtf@4ft. 



WRITE CYCLES #1 & #2 



(Vcc-5.0V±10%) 



NO. 


SYMBOLS 


PARAMETER 


STK11C4S-30 


STK11C48-35 


STK11C48-4S 


UMTS 


«1 


#2 


All 




MAX 


MN 


MAX 


MIN 


MAX 


12 


'avav 


'avav 


"wo 


wrne ^yos tirne 


45 




45 




45 




ns 


13 


VfLWH 


■WLEM 


w 


wri6 ruBS WKnii 


35 




35 




35 




nt 


14 






•cw 


Lfflf) cnflnB ID cnO n WmB 


35 




35 




35 




rw 


15 


'OVWH 


'OVEH 


'ow 


Data Set-up to End of Write 


30 




30 




30 




ns 


16 


Smhdx 


•ehox 


'dh 


Data Hold After End ol Write 

















ns 


17 


'avwh 


'aveh 


'aw 


AddraM SM-up to End or Write 


as 




35 




35 




ns 


18 


'Awn. 


'avel 


'as 


Addraaa Sat-ifi 10 Stan d Write 

















ns 


19 


•wHAX 


'ehax 


'WR 


Addren Hold After End of Write 

















ns 


20 






'wz 


Writs Enable to Output Oleable 




35 




35 




35 


ns 


21 


'WHQX 




tow 1 " dofWrte 


5 




5 




5 




ns 



Note I: Measured ±200mV from steady state output voltage. 

Natek: E or W must be high during address tranaltlont. 

Noiem: If W Is tow when igoet tour, the outputs remain In the high knpedance state. 

WRITE CYCLE #1: W CONTROLLED" 



12 



18 
VkWML 



DATAM 



13 
VUM 



Smoz 



IS 
*DWM 



y /////////////////////////// 



19 . 
'whax 



21 

'WHOX 



HK3H JMPEOANCE 



WRITE CYCLE #2: E COI^OLLED 



ADDRESS 



17 . 
**veH 



13 

VnaH. 



DATA IN 





, 1S , 


a '8 




'ovEH 


'ehbx 




I tMTAVtMJD ] 











DATA OUT 
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NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



E 


w 


Atg-ftoCNnO 


MODE 


VO 


POWER 


NOTES 


H 


X 


X 


NotSalecled 


Output High Z 


Standby 




L 


H 


X 


Read SRAM 


Output Data 


Active 





L 


L 


X 


WitoSRAM 


Input Data 


Adha 




1 


u 

M 


MM 
UUU 




AittBwitf note 
miipui Lma 




lUO 






ass 


Read SRAM 


Output Data 










2AA 


Read SRAM 


Output Data 




n,o 






7FF 


Read SRAM 


Output Data 




n,o 






OFO 


Read SRAM 


Output Data 




n,o 






70F 


Nonvolatile STORE 


Output High Z 




n 


L 


H 


000 


Read SRAM 


Output Data 


AcUve 


n,o 






sss 


Read SRAM 


Output Data 




n,o 






2AA 


Read SRAM 


Output Data 




n,o 






7FF 


Read SRAM 


Output Data 




n,o 






OFO 


Read SRAM 


Output Data 




n,o 






70E 


Nonvolallle RECALL 


Output High Z 




n 



Note n: The six consecullvB addresses must be In order Mad - (OOa SSS, 2AA, 7FF, OFO, 70F) for a STORE cyde or (000, SSS, 2AA, 7FF, OFO, TOE) lor a 

f£CAU. cyda. W injtt be Mgh dirt« al Ik conaoitlra cydM. Saa S7D>£ cyda and RE 
Nolao: V0ttiaaMunMa4wi^lilBK InMtftanandepaMlBnaf nmolaMa^claBdaaanatdipandandiaMlaalS. 



STORE CYCLE INHIBIT and AUTOMATIC POWER-UP REC4LL 



SjOV 
4JBV 

STORE Mibk 
AulaniMlpRBBilU 



" / \ 7 \ / V 






V 






J 








L 
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Smi1€48 



STORE/RECALL CYCLE (Vcc = 5.0V ± 1 0%) 



MX 


SYMBOLS 


PARMIETBI 


STK11C48-30 


STK11C48-3S 


STK11C4S-45 


UMTS 


*1 


Alt 


HH 


MAX 


MN 


MAX 


HN 


MAX 


22 


'avav 




O i L/flC/nCLi/iU. IrlltlallUII wjUV IHHV 


30 




35 




45 






23 






Chip Enable to Output Inadhn 




75 




75 




75 


ra 


24 


'eloxs 




STDRECyctoTlma 




10 




10 




10 


mt 


25 


'elsxr 


Irecau.' 


RECMU Cydenia 




20 




20 




20 




26 


'aveu<' 


tAE 


AddraesSal-up to Chip Enable 

















ns 


27 


•qehn''' 


«EP 


Chip Enable PubeWMth 


20 




25 




35 




ns 


28 


Iehaxn* 


<EA 


Chip Disable to Addiws Changs 

















ne 



Note p: Once the software STORE or RECALL cycle Is Initiated. H completes automatically, Ignoring al tiput*. 
Note q: Note that STORE cycles (but not RECALLS) are aborted by Voc < 4 0V {STORE Inhibit). 

Note r: A RECALL cyde Is Initiated automatically at power up when Vcc exceeds 4.0V. tnECAU Is measured from the poM at which Vpc exceeds 4.5V. 
Note s: Noise on the E pin may trigger multiple read cycles from the same address and aboK the address sequence. 

Note t: If the Chip Enable Pulse Width Is less than t^Lov (see read cycle «2) but gtsater than or equal to tELEHN> than the data may net be vald at the end of 

the low pulse, however the STORE or RECALL will still be Initiated. 
Note u; W must be high when E Is low during the address sequence In order to initiate a nonvolatile cycle. G may be either high or low throughout 

Addresses HI through «6 are found in the imoDE selection table. Address Mdetennines whether the STK11C48peiform( a SrORE or RECALL.. 
Notev: E must be used ta dock In the address sequence for the Software STORE and RECALL cycles. 




WW 



DEVrCE OPERATION 



The STK1 1 C48 has two separate modes of operation: 
SRAM mode and nonvolalile mode. In SRAM mode, the 
memory operates as a standard fast static RAM. In 
nonvolatile operation, data is transfen-ed from SRAM 
to EEPROM or from EEPROM to SRAM. In this mode 
SRAM functions are disabled. 

SRAM READ 

The^TKI 1C48 performs a READ cycle whenever E 

and G are LOW while W is HIGH. The address specified 
on pins Ao.10 determines which of the 2048 data bytes 
will be accessed. When the READ Is Initiated by an 
address transition, the outputs will be valid aftera delay 
oft^Qv (FIEAD CYCLE #1 ). If the READ is initiated by E 
or G, the outputs will be valid at tajov of at toijQv, 
whichever is later (READ CYCLE #2). The data outputs 
will repeatedly respond to address changes within the 
tAVQv access time without the need for transitions on 
any control input pins, and w[ll remain valid until 
another address change or until E or G is brought HIGH 
or Wis brought LOW. 

The STK1 1 C48 Is a high speed memory and therefore 

must have a high frequency bypass capacitor of ap- 
proximately 0.1nF connected between DUT Vcc and 
Vss using leads and traces that are as short as 
possible. As with all high speed CMOS ICs, normal 
careful routin gof power, ground and senate will help 
prevent noise probtoms. 

SRAM WRITE 

A wr'rte cycle Is performed whenever E and W are LOW. 
The address Inputs must be stable prior to entering the 
WRITE cycle and must remain stable until either E or W 
go HIGH at the end of the cyde. The data on pins 
DQo.7 will be wrlttenjnto the memory If it is valid tovwH 
before the end of a W controlled WRITE ortovEH before 
the end of an E contrbttad WRITE. 

It is recommended that G be kept HIGH during the 
entire WRITE cycle to avoid data bus contention on 
oommon I/O Hnes. S Is left LOW, internal circuiby will 
turn off the output buff ees ^hoz after W goes 1X3W. 

NONVOLATILE STORE 

The STK11C48 STORE cycle is initiated by executing 
sequential READ cycles from six specific address loca- 
tions. By relying on READ cycles only, the STK1 1 C48 
Implements nonvolatile operation while remaining pin- 
lor-pln compatible wfth standard 29(x8 SRAMs. During 



the STORE cycle, an erase of the previous nonvolatile 
data is first performed, followed by a program of the 
nonvolatile elements. The program operation copies 
the SRAM data Into nonvolatile elements. Once a 

STORE cycle Is Initiated, further input and output are 
disabled until the cycle is completed. 

Because a sequence of reads from specific addresses 
is usedforSTQ^ initiation, it is important that noother 
read orwrite accesses inten/ene in the sequenceorthe 
sequence will be aborted and no STORE or RECALLvAW 
take place. 

To enable the STORE cycle tte fblbwing READ se- 
quence must be performed: 



1 . Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 
6. 



000 (hex) 
555 (hex) 
2AA (hex) 
7FF (hex) 
OFO(hex) 
70F(hei4 



Valid READ 
Valid READ 
Valid READ 
VaHdREAD 
Valid READ 
biMala STORE 



Once the sixth addre^ in the sequence has been 
entered, the STORE cyde will commence and the chip 
will be disabled. It is important that READ cycles and 
not WRITE cycles be used in the sequence, although it 
is not necessary that G be LOW for the sequence to be 
valkl. After the tsroRf cycle time has been f uK ilied, the 
SRAM will again be activated for READ and WRITE 
operation. 

HARDWARE PROTECT 
The STK11C48 offers hardware protectk>n against 
Inadvertent STORE cycles through Vcc Sense. A 
STORE cycle will not be initiated, and one in progress 
will discontinue, if Vcc 9°^^ below 4.0V. 4.0V is a 
typk:al, characterized value. The datasheet specifica- 
tions are guaranteed only for Vcc ~ ^ ^0%. 

NONVOLATILE RECALL 

A f^CALL cycle of the EEPROM data into the SRAM is 
initiated with a sequence of READ operations In a 
manner similar to the STORE initiatbn. To initiate the 
RECALL cycle the following sequence (rf READ opera- 
tion must be performed: 

1. Read address 000 (hex) Valid READ 

2. Read address 555 (hex) Valid READ 

3. Read address 2AA(hex) Valid READ 

4. Read address 7FF (hex) Valid READ 

5. Read address OFO(hex) Valid READ 

8. Readaddreas 70E(hax) biMBle RECALL Cyde 




^17 



Internally, RECALL Is a two step procedure. First, the 
SRAM data is cleared and second, the nonvolatile 
information is transferred into the SRAM cells. The 
RECALL operation In no way alters the data in the 
EEFROMcells. The nonvolatiledatacan be recalled an 
unlimited number of times. 

On power-up, once Vcc exceeds the Vqc sense volt- 
age of 4.0V, a RECALL cycle is automatically initiated. 
The voltage on the Vcc pi" "lu^t not drop below 4.0V 



once it has risen above it in order for the RECALL to 
operate properly. Due to this automatic RECALL, SRAM 
operation cannot commence until Xrecall after Vcc 
exceeds 4.0V. 4.0V is a typical, characterized value. 

If the STK11C48 is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 

To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and system Vqc ■ 
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ORDERING INFORMATION 



STK11C48 - P 30 I 



Temperature Range 

blank = Commercial (0 to 70 degrees C) 
I = Industrial (-40 to 85 degrees C) 




Access Time 

30 s 30ns 

35 = 35ns 
45 = 45ns 



Package 

P = Plastic 28 pin 300 mil DIP 
W > Plastic 28 pin 600 mil DIP 
S - Plastic 28 pin SOiC 
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NOTES 



I 
1 
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STK22C48 

CMOS nvSRAM 
2K X 8 High Performance 
SimTEH AutoStore^'^ Nonvolatile Static RAM 



FEATURES 

• 30, 35 and 45ns Access Times 

• 15 mA Ice Bt 200ns Access Speed 

• Automatic store to EEPROM on Power Down 

• HwdMnra Inittatod STOffllto eeproh 

• Automatic srOffETimIng 

• 100,000 SrOAE cycles to EEPROM 

• 10 year data retention in EEPROM 

• Automatic RECALL on Power Up 

• Unlimited ffECXU cycles from EEPROM 

• Single 5V±10% Operation 

• Commercial and Industrial Temperatures 

• Available In 28 pin 600-mll plastic DIP and 350- 
mii SOIC paciuges 



DESCnPTlON 

The Simtek STK22C48 is a fast static RAM (30, 35 and 
45ns), witli a nonvolatile EEPROM element incorpo- 
rated in each static memory cell. The SRAM can be 
read and written an unlimited number of times, while 
independent nonvolatile data resides In EEPROM. Data 
transfers from the SRAM to the EEPROM (the STORE 
operation) tal<e place automatically upon power down 
using charge stored in an external 1 00 capacitor. 
Transfers from the EEPROM to the SRAM (the RECALL 
operation) tal<e place automatically on po wer up . A 
STORE can also be initiated via a single pin HSB. 



LCX3IC BUOCK DIAGRAM 



PIN CONFIGURATIONS 





PIN NAMES 





Addren Inputo 


W 


WitoEiuM* 


DQ0-DQ7 


Data In/Out 


F 


Chip Enable 


B 


Output Enable 


Vocx 


Powar(+SV| 




Ground 


VCAP 


Capadtor 


nsff 


HardnmSiomauqr 



STK22C48 



ABSOLUTE MAXIMUM RATINGS^ 

Voltma an typical input i«l«iw IB Vm» -O-BV to 7.0V 

Voltage on 1X^7 and Q . . . .'. .-4SV to (Vccx-»O.SV) 

Temperature under bias , . . w. . . . .-^'C to 12S°C 

Storage temperature -i^VSK to 1S0°C 

Powier dissipation 1W 

DC output current ISltlA 

(One output at a tkns, one second duration) 

DC CHARACTERISTICS 



Ndea: Stresses greater than those listed under 'AbaolutB Marimum 
Raiings'mtycausepermanentdamagetothedevioe. Thistsastress 
rating only, and functional operation of the device at conditions above 
those indicated in the operadonai sections of this specification is not 
implied. ExposuretoabsolulBmaximuniraflnBoanditionstorextended 
periods may afiact rellabny. 



(Vcc = 5.0V±10%)<* 



SYMBOL 


PARAMETER 


COMMERQAL 


INDUSniAL 


UMTS 


NOTES 




MAX 


MIN 


MAX 




MIN 






Avanga Vqq Cuirant 




85 




95 


mA 










80 




85 


mA 










75 




80 


mA 






Avenge Vqq Currant During STOHE 




6 




7 


mA 


Al Input! < 0.2V or % (Vcc, - 0.2V) 


■cca" 


Average Vq^ Current 




15 




15 


mA 


0.2V. Ws(Vcc- 0.2V) 




«"AVAV-200ni 












others £ 0.2V or 2 (V^ — 0.2V) 


'C04 


Average Vq^ current during AutoStoie™ 




4 




4 


mA 


Al Inputs i 0.2V or i (V^c - 0.2V) 


Cyde 


















Average Vq^ Current 




35 




39 


mA 


'AVAV-30™ 


(SM*K C^MMiD TIL kipul Lai«l4 




32 




35 


mA 


•avav - 35ns 








28 




32 


mA 


•avav - *5ns 
















Wi V,h: aJI others eyeing 




Average V^c Cunent 




3 




3 


mA 


E2(Vcc-0-2V) 




(Standby, StriXa CMOS Input Levels) 












al ottwn Vni « 02V or £ (Voe - 0.2V) 


'11K3 


Input Leakage Current (Any Input) 




±1 




±1 


tiA 


Vog-max 
















ViN-Vss'oVcc 


loLK 


Off State Output Leakage Current 




+5 




±5 




Vcc-max 
















^OUT ■ ^SS Vcc 


V|H 


Input Logle-I'Vall^ 


2.2 


VcC+-5 


22 


VCC+.5 


V 


Al Inputs 


V|L 


kipiMLogieV Voltage 


Vss-S 


0.0 


Vss-S 


0.8 


V 


Al Inputs 


^OH 


Output Logic -l-Vdlage 


2.4 




2.4 




V 


|q„^ . -4mA except ^ 


Vol 


Output Lo^trVota«a 




0.4 




04 


V 


\quj - SmA except 




OpiniInQ TMnpsraluiv 





70 


•40 


86 


•° 


- 



Note b: Ice, and Iqcj are dependent on output loading and cyde rate. The spedfled values are obtained with outputs unloaded. 

Nolac: BrliiglngEkViHWll not produce standby currant levels until any nonvolatile cycle In progress has timed out See MODE SELECTION tabla. 

Nolad: Veci a» l l sa <wl aii»li l l ii « ii g li iij ii t«ifcdaaali»atiBiartB^faa(lfthatl»wliaia«^ 



AC TEST CONDITIONS 





V„to3V 






input and Output Timing Reference Levels 


1.5V 


Output Load 





CAPACITANCES (Ta-25''C, f=1 .OMHz) 
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PARAMETER 
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Cm 
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S 


pF 


AV-0to3V 


CoUT 


Output Cnnr'ttann 
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30pF 
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' SCOPE 
ANDFIXTUftE 



Figure 1: AC Output Loading 
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SRAM MEMORY OPERATION 



READ CYCLES #1 & #2 



(Vcc-5.0V±10%)<1 



HO. 


SYMBOLS 


PARAHETBI 


31X22048-30 


STK22C48« 


STK22C48-45 


UMTS 
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MN 
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MAX 
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Chip Enable Access Tlnv 
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ns 
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Read Cycle Time 
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ns 
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Address Access Time 




30 
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45 


ns 
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Output Enable 1o Dala Valid 
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ns 


S 
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Output Hold After Address Change 
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ns 
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Chip Enable to Output AgUv* 
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ns 
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Chip Disable to Output Inactive 
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ns 
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Output Enable to Output ActKie 
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Output Dbriita to Output hneam 
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ns 
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Ieuocn* 
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Chip Enable to Power ActiM 

















ns 
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CNp DIntato to Powar StvHty 
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35 
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ns 



NMte: Bringing EkViH«M net produeailindby currants unMai^nenvoliM 8m MODE SELECTION table. 

Nola a! Paramitor guanuMad taut not taatod. 
Nolal: ForREAOCVCLE«1and«2,Wlsh|gh<aranltecyela. 
Notog: DavloalscontlnucuilysaleciadwlthEla«randSloi». 
Nolalu Maaswad ± SSOOntt hwii itaady Mi 



READ CYCLE #1 



AOORESS 



EtQ(DahiOuQ 
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'avov 



> rf H lTH HH I HlJtil l HimH > f 
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READ CYCLE #2* 



ADDRESS 



DQ(D«aOuQ 



2 

'avav 



6 . 
'Box 



1 

•euov 



4 . 

•OLOV 
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ACTWE 



10 

Ieucch 



7 
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WRITE CYCLES #1 &#2 



(Vcc-5.0V±10%)«1 



NO. 


SYMBOLS 


PARAMETBI 


8IK22C4M0 


STK22C48-35 


STK22C48-45 


UMTS 




#2 
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MN 
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MIN 
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12 


t 
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'avav 
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Wrla Cyde Tima 
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ns 
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Vvp 


lJU>k» Oai^A llllillli 

wfiB rUM vnoui 
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ns 


14 


Veuwh 


'eleh 


•cw 


Cht> EiuUe to End of Write 
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ns 


15 


•dvwh 


'dveh 


'dw 


Data Set-up to End of Write 
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ns 
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'ehdx 


'dh 


Data HoM After End ol Write 
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UVEH 


'aw 


Addraei Sal-K> to End of Write 
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Address Set-up to Stan ol Wte 

















ns 
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'ehax 
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Address Hold After End ol Write 

















ns 
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Write EndUe to Output Dhable 
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20 


ns 


21 
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Output Active After End of Wrtto 


6 
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ns 



Noteh: Measured ±200mV from steady slate output votage. 

Motel: E or W must be 2V|H during address transitions. 

Note]: If Wis low when E goes low, the outputs reiradn In the hIglilnpedanoetlM. 



WRITE CYCLE #1: W CONTROLLED* 
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WRITE CYCLE #2: E CONTROLLED' 
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DATAM 



13 . 

*wie< 





-i " > 




'avav 












■ " r 


U IS — • 




'avel 


<BEH 






> 







15 
•dvb< 



'ehox 



NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



F 


W 




Aio-Ao(hex) 


MODE 


I/O 


POWER 


NOTES 


H 


X 


H 


X 


Not Seleded 


Output High Z 


Standby 




L 


H 


H 


X 


RradSRAM 


Output Data 


AeUve 




L 


L 


H 


X 


Wile SRAM 


Input OMa 


AcHwB 




X 


X 


L 


X 


SrOflE/lnhbit 


OuputHlghZ 


Iqc2 / Standby 


k 



Noiek: RSB InUated STORE operation actually occurs only if a WRITE has been done since last operate After the 57DAE(K any) conplates. the 

part wM QO Into Mandby mode MribMiiy si opanilon iaNH H^B riMS* 



HARDWARE STORE /RECALL 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UMTS 


NOTES 
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RECALL Cyde Duration 




20 
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Note m 


23 




'hlhh 


STORE Cyda Duration 




10 


m 


Vcci4.5V 


24 


loElAY 


'hLjOZ 


HSBLowto InhbltOn 
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25 


'recover 


'hhox 


HSBHlghlolnMHOtt 
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ns 




26 
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'hihx 


ExiMnal 57DRE Pirisa WkM 
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ns 


Nolaa 




VswtrcH 




Low Vonaoa Trigger LanI 
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HSB'Outpul Low Current 


3 




mA 


T15B> Vo,.,Nolee.l 




'hsb_oh 




HSBOutpU High Current 


5 


60 


pA 


HSB- V,i..Nolee.l 



Note e: Thes e parameters guaranteed but not tested. 

Notel: HSffls an I/O that has a weak Inte rnal pu llup; > Is basically an open drain output. It Is meant to al tow up to 32 STK22C4as to be ganged together tef 

■Imukanaoue stcrlng. Do not use nSBto pullup any external circuitry other than other STK22C48'FQB pkit. 
^lola in: A RECALL qrdablnlllitedaulonallcally at power up when Vcc exceeds VswTTCH- tnECAu.l*'i<eiiuml<Kiinth«poliitatwhlchVoo«idead(4.SV. 



HARDWARE STORE/RECALL 
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DEVICE OPERATION 



The STK22C48 has two separate modes of operation: 
SRAM mode and nonvolatile mode. In SRAM mode, the 
memory operates as a standard fast static RAM. In 
nonvolatile mode, data is transferred from SRAM to 
EEPROM (the STORE operation) or from EEPROM to 
SRAM (the RECALL operation). In this mode SRAM 
functions are disabled. 

STOR E cycles may be initiated under user control via 
HSB assertion and are also automatically initiated 
when the power supply voltage level of the chip falls 
bebw VswiTCH- RECALL operations are automatically 
Initiated upon power-up and whenever the power sup- 
ply voltage level rises above Vswitch- 

SRAM READ 

The JTK22C48 p erform s a^AD cycle whenever E 
and G are LOW and HSB and Ware HIGH. The address 
specified on pins Aq-io determines which of the 2048 
data bytes will be accessed. When the READ is initiated 
by an address transition, the outputs will be_yalid^after 
a delay of tAvov- 1^ the READ is initiated by E or G, the 
outputs will be valid at tgLov or at Iglqv. whichever is 
later. The data outputs will repeatedly respond to 
address changes within the tAvov access time without 
the need for transitions on any control input pins, and 
Will remain valid until another a ddres s change or until 
E or G h brought HIGH or Wor Hli Is brought UOW. 

NOISE CONSIDERATIONS 

The STK22C48 is a high speed memory and therefore 
must have a high frequency bypass capacitor of ap- 
proximately 0.1|i.F connected tjetween DUT Vcc and 
Vss using leads and traces that are as short as pos- 
sible. As with all high speed CMOS ICs, normal careful 
routing of power, ground and signals will help prevent 
noise problems. 

SRAM WRITE _ 

A w rite cy cle is performed whenever E and W are LOW 
and HSB is high. The address inputs must be stable 
prior to entering the WRITE cycle and must remain 
stable until either E or W go HIGH at the end of the 
cycle. The data on pins DQ0.7 will be written into the 
memory if it is valid tovwH before the end of a W 
controlled WRITE or tovEH before the end of an E 
controlled WRITE. 

It is recommended thatGbei^ept HIGH during the entire 



WRITE cycle to avoid data bus contention on the 
common I/O lines. If G is left LOW, internal circuitry will 
turn off the output buffers twLOZ ^fter W goes LOW. 

AUTOMATIC RECALL 

During power up, or after any low power condition 
(VcAP < Vswitch). when Vqap exceeds the sense 
voltage of Vswitch. a RECALL cycle will automatically 
be initiated. After the initiation of this automatic RE- 
CALL, if VcAP falls below Vswitch. then another RE- 
CALL operation will be performed whenever Vcap 
again rises above Vswitch- 

Internally, RECALL is a two step procedure. First, the 
SRAM data is cleared and second, the nonvolatile 
information is transferred into the SRAM cells. The 
RECALL operation in no way alters the data in the 
EEPROMcells. The nonvolatile data can be recalled an 
unlimited number of times. 

If the STK22C48 is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 
To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and system Vqc- 

HARDWARE PROTECT 

The STK22C48 offers hardware protection against 
inadvertent STORE operation durin g low voltage 
conditions. When Vc/vp < Vswitch, HSB initiated 
STtv^opemtions will be inhiyisd. 

HSB OPERATION 

The Hardware Store Busy pin (HSB) is an open drain 
circuit acting as bo{h input and output to perform two 
different functions. When driven low by the internal 
chip circuitry K indicates that a STORE operation is in 
progress within the chip. When driven low by external 
circuitry for longerthan tAssERT. the chip will condition- 
ally Initiate a STORE operation after toELAv- 

READ and WRITE operations that are in progress when 
HSB is driven low (either by internal or external cir- 
cuitry) will be allowed to complete before the STORE 
oper ation is performed, in the following manner. After 
HSB goes low, the STK22C48 will continue normal 
SRAM operations for Idelay- During Iqelay. a transi- 
tion on any address or control signal will terminate 
SRAM operation and cause the STOREto co mme nce. 
Note that If an SRAM write % attempted after HSB has 



been forced low, the write will not occur and the 
STORE operation will begin Immediately. 

IHardware-Store-Busy (HSB) is a high speed, low drive 
capability bi-directional control line. In order to allow a 
bank of STK2 2C48 s to perform synchronized STORE 
functions, the HSB pin from a number of chips may ba 
connected together. Ea ch ch ip contains a small inter- 
nal current source to pull HSB HIGH when it is not being 
driven low. To decrease the sensKivity of this signal to 
noise generated on the PC board, it may optionally be 
pulled to Vcc via an external resistor with a value such 
that the combined load of the resistor and all parallel 
chip connections does not exceed Ihsb_ol ^ ^OL- 
not connect this or any other pull-up to the Vcap node. 

If HSB is to be connected toexternal circuits otherthan 
other STK22C48S, an ffi(tamal pull-up resistor should 
be used. 

During any STOREoperation, regardless of how i t was 
initiated, the STK22C48 will continue to drive the HSB 
pin bw, releasing it only when the STORE'm complete. 
Upon complet ion o f a STORE operation, the part will be 
disabled until HSB actually goes HIGH. 

AUTOMATIC STORE OPERATION 
During nonmal operation, the STK22C48 wNI draw 
current from Vcc fo charge up a capacitor connected 
to the Vcap pin- This stored charge will be used by the 
chip to perform a single STORE operation. When the 
voltage on the Vcap pin drops below VswiTCH> P^rt 
will automatically disconnect the Vcap ^ Vcc 
and initiate a STORE operatnn. 

Figure 1 shows the proper connection of capacitors for 
automatic store operation. The charge storage capaci- 
tor should have a capacity of at least 1 0O^F (± 20%) at 
6V. Each STK22C48 must have its own 1 0O^F capaci- 
tor. Each STK22C48 must have a high quality, high 
frequency bypass capacitor of 0.1 ^F connected be- 
tween Vcap and Vss. using leads and traces that are 
as short as possble. 

If the AutoStore™ function is not required, then Vcap 
should be tied directly to the power supply and Vcc 
should be tied to ground. In this mode, STORE opera- 
tions may be triggered with the HSB pin. Vcap (Pin 1 ) 
must always have a proper bypass capacitor con- 
nected to iL 



In orderto prevent unneeded STOREoperations, auto- 
matic S TORE S as well as those initiated by externally 
driving HSB LOW will be ignored unless at least one 
WRITE operation has tak en pla ce since the most recent 
srOflEcycle. Note that if HSB isdriven low via external 
circuitry and no WRIT ES ha ve taken place, the part will 
still be disabled unMI RsB Is allowad to return HIGH. 

PREVENTING AUTOMATIC STORES 

The Aut oSto re™ function can be disabled on the fly by 
holding HSB HIGH with a driver capable of sourcing 
15mA at a VOH of at least 2.2V as it will have to 
over power the internal pull-down device that drives 
HSB low for 50ns at the onset of an AutoStore*^. 
When the STK22C48 is connected for AutoStore™ 
operation (system Vcc connected to Vcc and a 1 0OuF 
capacitor on Vcap) and Vcc crosses Vswit ch on the 
way down, the STK22C48 will attempt to pull HSB low; 
if HSB doesn't actu ally get below V|i.. the part will stop 
trying to pull HSB LOW and abort the AutoStore^** 
attempt. 

LOW AVERAGE ACTIVE POWER 

The STK22C48 has been designed to draw signifi- 
cantly less power when E is LOW (chip enabled) but the 
access cycle time is bnger than 55ns. Figure 2 bebw 
shows the relatbnship between Ice and access times 
for READ cycles. All remaining inputs are assumed to 
cycle, and current consumption is given for all inputs at 
CMOS or TTL levels, over the commercial temperature 
range. Figure 3showsXhe same relatbnshipfor WRITE 
cycles. When E is HIGH, the chip consumes only 
standby currents, and these pbts do not apply. 

The cycle time used in Figure 2 con'esponds to the 
length of time from the later of the last address transi- 
tion or E going LOW to the earlier of E going HIGH orthe 
next address transition. W is assumed to be HIGH, 
while the state of G does not matter. Additbnal current 
is consumed when the address lines change state 
while E is asserted. The cycle time used in Figure 3 
corresponds to the length of tirne f rojri the later of W or 
E going LOW to the earlier of W or E going HIGH. 

The overall average current drawn by the part depends 
on the folbwing items: 1) CMOS orTTL input levels; 2) 
thetfme during whteh the chipjs disabled (E HIGH); 3) 
the cycle time for accesses (E LOW); 4) the ratb of 
reads to writes; 5) the operating temperature and; 6) 
tiie Vcc l^vel. 
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ORDERING INFORMATION 



STK22C48 - W 35 I 



Temperature Range 

blank = Commercial (0 - 70 degrees C) 
I - IndiKstfial (-^ - 85 degrees C) 



Access Time 

30 = 30ns 
35 = 35ns 
45-4Sn8 



Package 

W- Plastic 28 pin 600-mil DIP 
S - Plastic 28 pin SOIC 




NOTES. 



STK25C48 

CMOS nvSRAM 
2K X 8 High Performance 
SimTEK AutoStore™ Nonvolatile Static RAM 



FEATURES 



DESCRIPTION 



30, 35 and 45ns Access Times 
15 mA Ice at 200ns Access Speed 
Automatic STORE to EEPROM on Power Down 
Unlimited SRAM Read and Write Cycles 
100,000 SrOI7£ cycles to EEPROM 
10 year data retention In EEPROM 
Automatic RECALL on Power Up 
Unlimited RECALL cycles from EEPROM 
Single 5V±10% Operation 
OBmmaretal and Industrial Temperatures 



The Simtek STK25C48 is a fast static RAM (30, 35 and 
45ns), with a nonvolatile EEPROM element incorpo- 
rated In each static memory cell. The SRAM can be 
read and written an unlimited number of times, while 
Independent nonvolatile data resides In EEPROM. Data 
transfers from the SRAM to the EEPROM (the STORE 
operation) tal<e place automatically upon power down. 
Transfers from the EEPROM to the SRAM (the RECAU 
operation) tai<e place automatically on power up. 

The STK25C48 is available in a 24-pin 600 mil plastic 
DIPl 



LOGIC BLOCK DIAGRAM 



PIN CONFIGURATIONS 
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ABSOLUTE MAXIMUM RATINGS" 

Vohage on typical Input relative Id Vss. -0.6V to 7.0V 

Voltage on DQ>-7 and B .-0.5V to (Vcc+0.5V) 

Temperature under bias -55°C to 1 25°C 

Storage temperature -65°C to ISO'C 

Power dissipation 1W 

DC output current ISmA 



Note a: Stresses greater than those Dsted under 'Absolute Maxbnim 

Ratings' may cause permanent damage to the device. This Is a stress 
rating only, and functional operation of the device at conditions above 
those indicated in the operational sections of this specification is not 
Implied. Exposure to absolute maximum radngoonditlons for extended 
periods may affea reliability. 



DC CHARACTERiSTICS 



(Vcc-5.0V±10%) 
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Noleb: loc,and Iccg an dapandeni on output loading and qdeiaM. ThaapadnadvaluaBam 
Nolec: Bilq)lngC'2ViHtMiMlpraduce,tandbycunaiilla*akunHanrnonMMII*c^ 



wWi oi^xMa unloaded, 
haa ltoiadouL See MODE SELECTION 



AC TEST CONDITIONS 



Input Pulse Levels V,, to 3V 

Input Rise and Fall Times s 5ns 

Input and Output Timing Reference Levels 1 .5V 

Output Load See Figure 1 



CAPACITANCEd (Ta-25<>C, f.1 .OMHz) 



SYMBOL 


PARAMETER 
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UNTTS 


CONDmONS 


''IN 


Input Capacitance 
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pF 
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Figure 1: AC Output Loading 
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SRAM MEMORY OPERATION 



READ CYCLES #1 & #2 (Vcc - 5.0V ± 1 0%) 
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'avov' 
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Addrwi Aeent TInw 
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Output EmM* to Ma Vaid 
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ns 
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'axox 
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Output Hold After Address Chang* 
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Chip Enable to Output Active 
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Chip Dlsal>le to Output Inactive 
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Output Enable to Output Active 
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Output Disable to Output InacUve 
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Chip Enal>le to Power Active 

















ns 


11 


*B«CCL* 


•n 


ci»nii*HtoPBiiwraiimtr 




ao 




36 




45 


n* 



Nolee: Paramelar guaranteed but not tasted. 
NtM f : For READ CYCLE «1 and «2, W Is high for entire cyde. 
IMsg: Davioe I* conlinuausly selected with Clow and Slow. 
NoMh: Maasutsd ^200fTtV Inm steady state output voltage. 



READ CYCLE 
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WRITE CYCLES #1 & #2 



(Vcc = 5.0V±10%) 



NO. 


SYMBOLS 


PARAMETB1 


STK25C48-30 


STK2SC48-3S 


STK25C48-4S 


UNITS 
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UN 
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•wc 


Write CydaTiim 
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ns 
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Write Pulse Width 


25 




30 




35 




ns 
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'eleh 


•cw 


unp Enable to Era ot Write 
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ns 
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•OVWH 


'dveh 


'dw 


Data Sel-up to End of Write 


15 




18 




20 




ns 


16 


VmDX 


'ehox 


'dh 


Data Hold After End of Write 

















ns 


17 


'avwh 


'aveh 


'aw 


Address Set-up to End of Write 


25 




30 




35 




ns 


18 


UvWL 


'avel 


Us 


Address Set-up to Start of Write 












C 




ns 


19 


•WHAX 


'ehax 




Address Hold After End of Write 

















ns 


20 






w 


Write Enable to Output Disable 




15 




17 




20 


ns 



Note h: Measured ±200mV from steady state output voltage. 

Note I: E or W must be 2V|h during address transitions. 

NMeJ: If Wh low when 'E goes low, the outputs retrain In the high itrpedanc* (lata 



WFHTE CYO^ #1 : W CONTROLLED i 



12 
(avav 



14 

*a)Mi 



IS 
UVWL 



DATAM 



DATAOUT 



17 
'avwh 



13 
<WLWH 



20 . 

Vnoz 



PflEVIOUSOATA 



15 
'dvwh 



jTzzzzMMzmzzzm. 



OATAVAUD 



_ 16 _, 
'WHDX 



HISH IMPEDANCE 



21 . 

Vmox 



VmiTE CYCLE #2: E CONTROLLED J 



ADDRESS 



DATAM 









Iavav 




i \ 










, IS » 




'avel 


'eleh 


•ehax 








17 


'aveh 













DC 



DATAOUT 
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NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



E 


w 


G 


MODE 


VO 


POWER 


H 


X 


X 


NotSelecMd 


Output HIghZ 


Standby 


L 


H 


L 


Read SRAM 


Output Data 


Active 


L 


L 


X 


Writs SRAM 


Input Data 


Aaivs 


L 


H 


H 


No Operation 


HIgliZ 


ActiwB 



AUTOSTORE^ AND POWER-UP RECALL 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UMTS 


NOTES 


22 


'hecxu. 


neOUXCyde Duration 




20 




Nolak 


23 


'pDsroBE 


Power Down STORE Duration 




10 


ms 






^swircN 


Low Votags Trigger UmbI 


4ja 


4.5 


V 





Not* Ic A RECALL qrde b tiMatsd autoimtleally at powwr up when Vcc exceeds VgwtreH- ^oau. meamrad fmni the point at whfrti Vep •xoaadt 4. 



DEVICE OPERATION 



The STK25C48 has two separate modes of operation: 
SRAM mode and nonvolatile mode. In SRAM mode, 
the memory operates as a standard fast static RAM. In 
nonvolatile mode, data is transferred from SRAM to 
EEPROM (the STOWEoperation) or from EEPROMto 
SRAM (the HECAU operj^n). |n thi^ mpds SB^. 
functions are disabled. 

STORE cycles are automaticaily initiated when the 
power supply voltage level of the chip falls below 
VswiTCH- RECALL operations are automatically initi- 
ated upon power-up and whenever the power supply 
voltage level rises above Vswitch- 

SRAM READ 

The STK25C48 performs a READ cycle whenever E 
and G are LOW and W is HIGH. The address specified 
on pins Ao-^o determines which of the 2048 data bytes 
wHI be accessed. When the READ is initiated by an 
address transition, the outputs will tM valid after a delay 
of tAVQV- If the READ is initiated by E or G, the outputs 
will be valid at tELOv or at toLOV. whichever is later. The 
data outputs will repeatedly respond to add ress changes 
within the t^voY access time without the need for 
transitions on any control input pins, and will remain 
valid until another address change or until E or G is 
biDught HIQH or W is brought LOW. 



SRAM WRITE _ _ 

A write cycle is performed whenever E and W are LOW. 
The address inputs must be stable prior to entering the 
WRITE cycle and must remain stable until either Eor W 
go HIGH at the end of the cycle. The data on pins 
DQo-7 will be writtejijnto the memory if it is valid tovwH 
before the end of a W controlled WRITE or tovEH before 
the end of an E controlled WRITE. 

It is recommended that G be kept HIGH during the 
entire WRITE cycle tqavoid data bus contention on the 
common I/O lines, if G is left LOW, internal circuitry will 
turn off the output buffers twLOZ ater W goes LOW. 

During power-up, or after any low power condition 
(Vcc < Vswitch). when Vcc exceeds the sense volt- 
age of VswiTCH' 3 RECALL cycle will automatically be 
initiated. After the initiation of this automatic RECALL, 
if Vcc falls below VswiTCH> then another RECALL 
operation will be performed whenever Vcc again rises 
above Vswitch- 

AUTOMATIC SrO/7£ OPERATION 

The STK25C48 AutoStor©^" nvSRAM continuously 
monitors Vcc- When Vcc drops below Vswitch (and 
an SRAM WRITE has occured since power-up), the 
part will automaticaily perform a STORE operation, 
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saving the data into the EEPROM. Figure 1 illustrates 
the timing of the AutoStore™ cycle. Vcc to the 
STK25C48 must not fall below 3.6V before the 
AutoStore''^** cyde is complete (tsroRE)- order to 
prevent unneeded STORE operattons, automaticSTORE 
will not occur unless at least one WRITE operation h«e 
taken place since power-up. 




I I I n 



F^ure 1 

AutoStore™ Cycle Timing Diagram 

Note: On power-up, as soon as the STK25C48 ^mpletes the 
power-up recall, it becomes an SRAM; if E and W are both low the 
address on the inputs will be written to, corrupting the recalled 
data. If Voc bounces bdow VsiwmHit^»partwillAuloSlora™ 
this corrupted SRAM data. 

IMPLEMENTATION 

Normally, the STK25C48 relies on the system Vcc 
remaining between VswiTCH (i^in) snt' for the 
STORE time, tsroRE- the unusual case that the 
system power supply decays too quickly (not remain- 
ing between Vswitch (n^iin) and 3.6V for at least 
1 0ms), a possible alternative implementation is shown 
in Figure 2. The capacitor charge will hold up the DUT 
Vcc long enough for the AutoStore™ to occur. How- 
ever, from a system point of view, the 0.3V drop across 




V, S.0.3V 
ID:^SCOinA 



_0.1HF 
-Bypass 
Cap 



— moiiF 
±20% 



60 



the diode will effectively cause the Vswitch value to be 
0.3V higher; the part could do an AutoStore™ when the 
system Vcc 's as high as Vswitch (max) + 0.3V. Note 
that the STK25C48 is a high speed memory and 
therefore must have a high frequency bypass capaci- 
tor of approximately 0.1 p.F connected between DUT 
Vcc snd Vss> using leads and traces that are as short 
as possible. As with all high speed CMOS ICs, normal 
careful routing of power, ground and signals will help 
prevent ne'seprobtsms. 

LOW AVERAGE ACTIVE POWER 

The STK25C48 has been designed to draw signifi- 
cantly less power when E is LOW (chip enabled) but the 
access cycle time is longer than 55ns. Figure Sbetow 
shows the relationship between Ice and access times 
for READ cycles. All remaining inputs are assumed to 
cycle, and current consumption is given for all inputs at 
CMOS or TTL levels, over the commercial temperature 
range. F/gure4showsthe same relationshipfor WRITE 
cycles. When E is HIGH, the chip consumes only 
standby curmnte and these plote do not apply. 

The cycle time used in Figure 3 corresponds to the 
length of time from the later of the last address transi- 
tion or E going LOW to the earlier of E going HIGH or the 
next address transition. W is assumed to be HIGH, 
while the state of S'does not matter. Additional current 
is consumed when the address lines change state 
while E is asserted. The cycle time used in Figure 4 
con'esponds to the length of time from the later of W or 
E going LOW to the iartiersf 1^ or f going MGH. 

The overall average current drawn by the part depends 
on the following Items:!) CMOS or TTL input levels; 2) 
the time during which the chipjs disabled (Ehigh); 3) 
the cycle time for accesses (E LOW); 4) the ratio of 
reads to writes; 5) the operating temperature and; 6) 
the Vqq level. 




Figure 2 
Alternate AutoStore™ 
knphimnta^ (^roiit tf Vc^ 
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ORDERING INFORMATION 



STK2SC48 - W 30 I 



Temperature Range 

blank - Commercial (0 - 70 degrees C) 
I - Industrial (-40 - 8S degrees C) 



Access Time 

30 - 30ns 
35 - 35ns 
49>4Sns 



Package 

W- Plastic 24 pbi 600 mU DIP 



3^ 



64 kilobit nvSRAIVI Products 4 



km 



SlfflTEK 



STK10C68 

CMOS nvSRAM 
High Performance 
8K X 8 Noiivolafiie Static BAM 



Fe^TURES 

25, 30, 35 and 45ns Access Times 
12, 15, 20 and 25ns Output Enable i 
Unlimited Read and Write to 8RAH 
Hardware STORE inttiation 
Automatic STORE Timing 
100,000 STORE cycles to EEPROM 
10 year data retention in EEPROM 
Automatic RECALL on Power Up 
Hardware RECALL Initiation 
UnHmHed ftECALL eyeies from EEPROM 
Single 5V±10% Operation 
Commercial and industrial Temperatures 
I in muitipie i 



DESCRIPTION 

The Simtek STK1 0C68 is a fast static RAM (25, 30, 35, 
and 45ns), with a nonvolatile electrically-erasable PROM 
(EEPROM) element incorporated in each static memory 
cell. The SRAM can be read and written an unlimited 
number of times, while independent nonvolatile data 
resides in EEPROM. Data may easily be transfen-ed 
from the SRAM to the EEPROM (STORE), ojjrom the 
EEPROM to the SRAM (RECALL) using the NE pin. It 
combines the high performance and ease of use of a 
fast SRAM with nonvolatile data Integrity. 

The STK10C68 features industry standard pinout for 
nonvolatile RAMs in a 28-pin 300 mil plastic or ceramic 
DIP, and a 28-pin SOIC package. MIL-STD-883 and 
Standard Military Drawing (SMD #5962-93056) de- 
vices are also available. 



LOGIC BLOCK DIAGRAM 




PIN CONFIGURATIONS 



mi > 
*ii > 

A|C 4 
»lC • 
A,[ I 

A,: > 
*,:. 
*,J • 

A,C n 
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s ] At 
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u D S 
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"]E 
If ] 001 
<■ ] OOl 
" ] OOi 
D DQ4 
» 3 DQl 



28-300 PDIP 
28-300 COIP 
28-350 SOB 

PIN NAIUES 



Ao-A,2 


Address Inputs 


W 


Write Enable 




Data InASut 




Chip Enable 


7S 


Output Enable 


RE 


Nonvolaiae Enable 


Voc 


Powier(+SV) 


Vss 


Ground 
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STK10O68 



ABSOLUTE MAXIMUM RATINGS' 

Voltage on typical input relative to Vgs -0.6V to 7.0V 

Voltage on DQ0.7 and 5 .-0.5V to (Vcc+0.5V) 

Temperature under bias -55°C id 125°C 

Storage temperature SS'C to 150°C 

Power dissipation , 1W 

tX; output current 15mA 

(One output at a time, one second dura^R) 

. if.; .* ' 1 ,' ' , 

DC CHARACTERISTICS 



Note a: Stresses greater than those listed under 'Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at conditions above 
those Indicated In the operational sections of this specification is not 
Implied. Exposure to absolute maximum rating^BRAllensferaxtendad 
periods may affect rellablll^. 



(Vcc = 5.0V±10%) 



SVHBOL 


PARAKETER 


COMMERCIAL 


INDUSTRIAL 


UNITS 


NOTES 














MIN 


MAX 


MIN 


MAX 










90 




95 


— niA~ 










85 




90 


mA 


t ...... K 30n^ 








80 




85 


mA 


t - 3*in^ 

'avav 








75 




80 


mA 
— ^A~ 


UVAV 


"CGj 


Auara/ia \/_— f^iirmrM 




50 




50 




^ - ^ CC "-^v^ 


during STORE cyde 












all ottiers V,^ s 0.2V or i (Vqc - 0.2V) 




Average Vq^ Current 




30 




34 


mA 


'AVAV-25ns 




(Standt)y, Cycling TTL InptK Lmm^ 




27 




30 


mA 


'avav-M™ 








23 




27 


mA 


Wv-3*» 








20 




23 


mA 


'avav-<S"s 
















E i Vfn; all otlms cycling 




Average Vqq Current 




1 




1 


mA 


f2(Vcc-0.2V) 


(Standby. Stable CMOS Input Levels) 












an otlwfS V|N « 0.W or t (Vco - 0.2V) 


>IU( 


Input Leakage Current (Any Input) 




±1 




±1 


^A 


Vcc-max 
















^IN " ^ss '° ^cc 


'OLK 


Off State Output Leakage Currant 




±5 




±5 


^A 


Vcc - max 
















ViN-VssloVco 


V,H 


Input Logic "1" Voltage 


2.2 


Vcc-5 


2.2 


Vcc-5 


V 


All Inputs 


V|L 


Input Logic "0" Voltage 


Vss--5 


0.8 


Vss-5 


0.8 


V 


All Inputs 


Vqh 


Output Logic "1" Voltage 


2.4 




2.4 




V 


Iqut " -^mA 




Output Logic '0" Voltage 




0.4 




0.4 


V 


louT-SmA 


T* 


Operating Temperaluie 





70 


-40 


85 


•c 





Note b: Ice, Is dependent on output loading and cycle rate. Ttie specHled values am obtained witti outputs unknded. 
Notoc: Bringing E 2 V|H Mil not produce standtiy current levels until ai^nonwlallleeycto In progress has tknedouL See MOQE SELECTION 
NoM d: loc, i> the awerase ounent required for the duration ol the state cyde (Isnwd ■'le' tlie sequence (Iwc) tliat Initiales Uw cyde. 



table. 



AC TEST CONDITIONS 





VjstoSV 




£5ns 


input and Output Timing Reference Levels 


1.5V 







CAPACITANCE^ (Ta=25°C, f=1.0MHz) 



SYMBOL 


PARAMETER 


MAX 


UNITS 


CONDITIONS 


''IN 


Input Capacitance 


5 


pF 


AV-OtoSV 


^OUT 


Output Capacitance 


7 


pF 


AV-0to3V 



Note e: Tliese parameters sm guaranteed but not tested. 



Output >- 



2550tinis! 



30pF 
. INCLUOINQ 
' SCOPE 
AND RXTURE 



Figure 1: AC Output Loading 
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READ CYCLES #1 & #2 



(Vcc = 5.0V±10%) 



NO. 


SYMBOLS 


PARAMETER 


STKiaC68-25 


STK10C68-30 


STK10C68-35 


STK10C68-45 


UNITS 


#1, #2 


All 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




ELOV 




Chip Ensblo Accsss Tim6 




25 




30 




35 




45 




2 




RC 


QaaH Ou^la Tima 
nodu I iim 


25 




30 




35 




45 






3 


t X 
AVOV 


AA 


Aililiiwi Afnnss Tlmn 




25 




30 




35 




45 




^ 


'GLQV 


'OE 


UUipUl CMcttJItj Itj L/dlet VdllU 




12 




15 




20 




25 






*AXOX 


^OH 


Output Hold Att6r Addross Change 


5 




5 




5 




5 




ns 


6 


'elox 


'u 


Chip EiuMe to Output Active 


5 




5 




5 




5 




ns 


7 


'ehoz' 


'hz 


Chip Disable to Output Inactive 




13 




15 




17 




20 


ns 


8 


'glqx 


'OLZ 


Output Enable to Output Active 






















ns 


9 


'ghoz' 


'0H2 


Output Disable to Output Inactive 




13 




15 




17 




20 


ns 


10 


'elicch' 


'pa 


Chip Enable to Power Active 






















ns 


11 


'ehiccl°'* 


'ps 


Chip Disable To Power Standby 




25 




30 




35 




45 


ns 


11A 


^WHOV 


'wR 


Write Recovery Time 




X 




35 




45 




55 


ns 



Note c: Bringing E high will not produce standby currents until any nonvolatile cycle in progress has timed out. See MODE SELECTION table. 
Not* e: Parameter guaranteed but not tested. 
Note I: NE must be high during entire cycle. 

Nols g: For READ CYCLE «1 and «2, W and NE must be high lor ant>« eyda. 
Not* h: Device is continuously selected wth E low and G low. 
Not* i: Measured ± 200mV from steady state output votaga. 



READ CYCLE #1 '•9 '^ 



ADDRESS 



DO (Data Out) 



w p 



2 

'avav 



3 

'avqv 



11A 



READ CYCLE #2 '9 

ZDCZ 



ADDRESS 



OO (Data Out) 



4 . 

Iqlov 



8 

loiox 



/w////// //// /// 



11 . 
'ehiccl 



t ' — ^ 

'ehoz 



10 

'elicch I 



11A 



WRITE CYCLES #1 & #2; G high (Vcc = 5.0V + 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


STK10C68-25 


STK10C6S-30 


STK10C6e-35 


STK10C68-45 


UNITS 


#1 


#2 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 


VVAV 


'wc 


Write Cycle Time 


25 




30 




35 




45 




ns 


13 


'WLWH 


'WLEH 


•wp 


Write Pulse Width 


20 




25 




30 




35 




ns 


14 


'elwh 


'eleh 


tw 


Chip Enable to End of Write 


20 




25 




30 




35 




ns 


15 


'dvwh 


'dveh 


•ow 


Data Sel-up to End of Write 


12 




15 




18 




20 




ns 


16 


'WHDX 


'ehdx 


'dh 


Data Hok) After End of Write 






















ns 


17 


'avwh 


'aveh 


'aw 


Address Set-up to End of Write 


20 




25 




30 




35 




ns 


18 


'avwl 


'avel 


'as 


Address Sel-up to Start ol Write 






















ns 


19 


'WHAX 


Iehax 


V»R 


Address Hold Alter End ol Write 






















ns 



WRITE CYCLES #1 & #2; G low (Vcc = 5.0V ± 10%) 



NO. 


SYMBOLS 


PARAMETER 


STK10C6a-2S 


STK10C68-30 


STK10C68-3S 


STKlOC6e-4S 




«1 


«2 


AIL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


UMTS 


12 


'avav 


'avav 


'wc 


Write Cycle Time 


45 




45 




45 




45 




ns 


13 


'wLWH 


'wLEH 


'wp 


Write Pulse Width 


35 




35 




35 




35 




ns 


14 


'elwh 


'eleh 


'cw 


Chip Enable lo End ol Write 


35 




35 




35 




35 




ns 


15 


'dvwh 


'dveh 


'dw 


Data Set-up to End ol Write 


30 




30 




30 




30 




ns 


16 


'WHOX 


'ehdx 


'dh 


Data Hold After End of Write 






















ns 


17 


'avwh 


'aveh 


'aw 


Address Sel-ip to End ol Write 


35 




35 




35 




35 




ns 


18 


'avwl 


'avel 


'as 


Address Set-up to Stan of Write 






















ns 


19 


'wHAX 


'ehax 


'wR 


Address Hold Altar End of Write 






















ns 


20 






'wz 


Write Enable to Output Disable 




35 




35 




35 




35 


ns 


21 






km 


Output Aclhw Alter End oi Write 


s 




5 




5 




5 




nt 



Note f: RE must be 2 V|)^ during entire cycle. 

Note i: Measured ± 200mV from steady state output voltage. 

Note k: E or W must be > during address Iransiiions. 

Note m: If W Is lovii wfien E goes lotw, the outputs remain in the highi impedance state. 



4^4 



J ■ 

WRITE CYCLE #1 : WCONTROLLED'-k 



ADDRESS 



^^^^ 



12 
•*VAV 



14 

'elwh 



w 



DATA IN 



□ATA OUT 



17 

'avwh 



13 

'WLWH 



15 

'dvwh 



DATA VAUD 



PREWqUSBATA 



19 . 
VWHAX 



DC 



WHOX 



WRITE CYCLE #2: E CONTROLLED'-'^ 



ADDRESS 



12 

'avav 



13 



iTZMzmmmm. 





, IS ^ 




'dveh 


'ehdx 


DATA IN > 


C DATA VAUD ) 







DATA OUT 



MK3H IMPEDAWCE 
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STK10C68 , 



NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



E 


w 


G 


NE 


MODE 


POWER 


H 


X 


X 


X 


NotSelecled 


Standby 


L 


H 


L 


H 


Read RAM 


Active 


L 


L 


X 


H 


Write RAM 


Active 


L 


H 


L 


L 


Nonvolatile RECALL" 


Active 


L 


L 


H 


L 


Nonvolatile STORE 


'ccs 


L 


L 


L 


L 


No operation 


Adiva 


L 


H 


H 


X 







STORE CYCLES #1 & #2 



(Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UNITS 


#1 


*2 


AIL 


22 


'wLOx'' 


'eloxs 




STORE Cycle Time 




10 


ms 


23 


'WLNH^ 


'elnhs 




STORE Initlalion Cycle Time 


25 




ns 


24 


'ghnl 






Output Disable Set-up to NE Fall 








26 




'ghel 




Output Disable Sel-uptoE Fall 


5 




ns 


26 


'nlwl 


'nlel 




"nE Set-up 


5 




ns 


27 


'elwl 






Chip Enable Set-up 


5 




ns 


28 








Witte Enable Set-up 


S 




ns 



4.SV. 



Note n: An automatic RECALL also taiies place at power up, starting whan Vcc exceeds 4.0V, and taking tREc«u '"xx <l<e tkra at vnhlcl) Voc C 

Vcc must not drop below 4.0V once it has been exceeded lor the RECALL to function properly. 
Note o: If E is low for any period of time In which W is high while G and NE are iow, then a RECALL cyde may be Initiated. 

Note p: Measured with W and NE both returned high, and G returned low. Note that STORE cycles are inhibited/aborted by Vcc < 4.0V ISTORE inhibit). 
Noteq: Once twcl<est>een satisfied by Ni.G.W and!, the 5T0R£cyde Is conpMed automatically. Any 0INE.G.W or E may be used to terminate the 
STORE initlaion cyde. 

STORE CYCLE #1 : W CONTROLLED° 

Ng 



G 
W 



DQ (Data Out) 




STORE CYCLE #2: E CONTROLLED" 



NE 



26 



G w//m//j ( 



tsHEL 



V- 



\\\\\\\\\\\\\\\\\\\^ 



28 
'WLEL 



DO (Data Out) 



23 

'elnhs 



22 



RECALL CYCLES #1, 4» & «3 



(Vcc = 5.0V+10%) 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UNITS 


«1 




«3 


29 


' Q ' 


'eloxr 


'gloxh 






20 


US 


30 


t s 

'nlnh 


'elnhr 


'glnh 


RECALL Iniiiailon Cyde Tkne 


25 




ns 


31 




'nlel 


'nlgl 


NE'Sel-up 


5 




ns 


32 


'glnl 


'glel 




Output Enable Set-up 


5 




ns 


33 


'WHNL 


'WHEL 


'WHGL 


Write Enable Set-up 


5 




ns 


34 


'elnl 




'elsl 


Chip Enable Set-up 


5 




ns 


35 


'nloz 






NE Fall to Outputs Inactive 




25 


ns 



Note r; Measured with W and N^both high, and G and"^ low. 

Note s: Once t|sj|.NH been satisfied by NE, W and ^, the RECALL cycle is completed automatically. Any of NE, S or E may be used to terminate ttie 
RECALL initiation cycle. 

Note t: If W is low at any point in which both E and NE are low and G is high, then a STORE cyde witi be initiated instead of a RECALL. 



RECALL CYCLE #1 : NE CONTROLLED° 



32 _ 

'ami. 



i 



33 . 
■wHNL 



34 - 



30 



29 



DQ (Data Out) 



HIGH IMPEDANCE 



RECALL CYCLE #2: E CONTROLLED" 



OQ (Data Out) 



— 













/ 








VmEL 


I 




///////////////// 




, 30 , 






Ielnhr 




m » 





RECALL CYCLE #3: G CONTROLLED°'' 



G 



w wmmm 



33 . 

VmsL 



DO (Data Out) 



34 . 



30 

Iglnh 



HIOH IMPEDAHGE 



29 

'gloxr 
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DEVICE OPERATION 



The STK10C68 has two modes of operation: SRAM 
mode and nonvolatile mode, determined by the state of 
the NE pin. When in SRAM mode, the memory operates 
as a standard fast static RAM. While in nonvolatile 
mode, data is transferred in parallel from SRAM to 
EEPROM or from EEPROM to SRAM. 

SRAM READ 

The STK1 0C68 performs a_READ cycle whenever E 
and G are LOW and NE and W are HIGH. The address 
specified on pins Ao.i2 determines which of the 8192 
data bytes will be accessed. When the READ is initiated 
by an address transition, the outputs will be valid after 
a delay of Iavqv (READ CYCLE #1). If the READ Is 
initiated by E or G, the outputs will be valid at tELov or 
at tcLQv whichever is later (READ CYCLE #2). The data 
outputs will repeatedly respond to address changes 
within the tAvov access time without the need for 
transitions on any control input pins, and will remain 
valid until another address change or until E or G is 
brought HIGH or W or NE is brought LOW. 

NOISE CONSIDERATIONS 

The STK1 0C68 is a high speed memory and therefore 

must have a high frequency bypass capacitor of ap- 
proximately 0.1 |iF connected between DUT Vcc and 
Vss using leads and traces that are as short as pos- 
sible. As with all high speed CMOS ICs, normal careful 
routing of power, ground and signals will help prevent 
noise problems. 

SRAM WRITE _ 

A write cycle is performed whenever E and W are LOW 
and NE is HIGH. The address inputs must be stable 
prior to entering the WRITE cycle and must remain 
stable until either E or W go HIGH at the end of the 
cycle. The data on pins DQ0.7 will be written into the 
memory if it is valid tovwH before the end of a W 
controlled WRITE or tovEH before the end of an E 
controlled WRITE. 

h is recommended that G be kept HIGH during the entire 
WRITE cycle to avoid data bus coMentkm on common 
I/O lines. If G is left LOW, internal circuitry will turn off 



the output buffers t^toz after W goes LOW. 

Keeping G high during write cycles also enables use of 
the faster write specifications. 

NONVOLATILE STORE 

A STORE cycle is performed when NE, E and W are 
LOW and G is HIGH. While any sequence to achieve 

this state will initiate a STORE, only W initiation {STORE 
CYCLE #1) and E initiation (STORE CYCLE #2) are 
practical without risl<ing an unintentional SRAM WRITE 
that would disturb SRAM data. During a STORE cycle, 
previous nonvolatile data is erased and the SRAM 
contents are then programmed into nonvolatile ele- 
ments. Once a sroflE cycle is initiated, further input 
and output is disabled and the DQ0.7 pins are tri-stated 
until the cycled is completed. 

If E and G are LOW and W and fdlare HIGH at the end 

of the cycle, a READ will be performed and the outputs 
will go active, signaling the end of the STORE. 

HARDWARE PROTECT 

The STK1 0068 offers two levels of protection to sup- 
press inadvertent STORE cycles. If the control signals 
(E, G, W, and NE) remain in the STORE condition at the 
end of a STORE cycle, a second STORE cycle will not 

be started. The STORE (or RECALL) will be initiated 
only after a transition on any one of these signals to the 
required state. In addition to multi-trigger protection, 
the STK1 0C68 offers hardware protection through Vcc 
Sense. A STORE cycle will not be initiated, and one in 
progress will discontinue if Vcc goes below 4.0V. 4.0V 
is atypical, characterized value. The datasheet speci- 
fications are guaranteed only for Vcc = 5.0 ±1 0%. 

NONVOLATILE RECALL _ _ 

A RECALL cycle is performed when E, G, and NE are 
LOW and W is HIGH. Like the STORE cycle, RECALL is 
initiated when the last of the four clock signals goes to 
the RECALLstaXe. Once initiated, the RECALLcyc\e will 
take tNLQx to complete, during which all inputs are 
ignored. When the RECALL completes, any READ or 
WRITE state on the input pins will take effect. 



#4 



Internally, RECALL Is a two step procedure. First, the 
SRAM data is cleared and second, the nonvolatile 
information is transferred into the SRAM celts. The 
RECALL operation In no way alters the data In the 
nonvolatile cells. The nonvolatile data can be recalled 
an unlimtted number of times. 

Like the STOREcyde, a transition must occur on some 
control pin to cause a recall, preventing Inadvertent 
multi-triggering. On power-up, once Vcc exceeds the 
Vcc sense voltage of 4.0V, a RECALL cycle is automat! 



cally Initiated. The voltage on the Vcc pIn must not 
drop bebw A.OV once It has risen above it in order for 
the RECALL to operate properly. Due to this automatic 
RECALL, SRAM operation cannot commence until tNLox 
after Vcc exceeds 4.0V. 4.0V is a typical, character- 
ized value. 

If the STK10C68 Is In a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 
To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and systein Vcc- 



ORDERING INFORMATION 



STK10C68 - P 30 I 



Temperature Range 

blank = Commercial (0 to 70 degrees C) 
I s Industrial (-40 to 85 degrees C) 



Access Time 

25 = 25ns 
30 = 30ns 
35 = 35ns 
45 = 45ns 



Package 

P = Plastic 28 pin 300 mil DIP 

S = Plastic 28 pin SOIG 

C = Ceramic 28 pin 300 mil DIP 
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SimTEK 



STK10C68-M 

CMOS nvSRAM 
High Performance 
8K X 8 Nonvolatile Static RAM 
MIL-STD-833/SMD 5962 - 93056 



FEATURES 

35, 4S and 55ns Access TImss 

20 and 25ns Output Enable Access 
Unlimited Read and Write to SRAM 
Hardware STORE Initiation 
Automatic STORE Timing 
100,000 STORE cycles to EEPROM 
10 year data retention In eeprom 
Automatic RECALL on Power Up 
Hardware RECALL initiation 
Unlimited RECALL cycles from EEPROM 
Single 5V±10% Operation 
AvalMMa In multiple standard padcagss 



^BSQ^WnON 

The Simtek STK1 0C68-M is a fast static RAM (35, 45 
and 55ns), with a nonvolatile electrically-erasable PROM 
(EEPROM) element Incorporated in each statfc memory 
cell. The SRAM can be read and written an unlimited 
number of times, while independent nonvolatile data 
resides in EEPROM. Data may easily be transferred 
from the SRAM to the EEPROM (STOflE), or from the 
EEPROM to the SRAM (RECALL) using the NE pin. It 
combines the high performance and ease of use of a 
fast SRAM with nonvolaHle data integrity. 

The STK10C68 features industry standard pinout for 
nonvolatile RAMs in a 28-pin 300 mil ceramic DIP, and 
28-pad LCC packages. Commercial and industrial 
temperature devices are also available. 



LOGIC BLOCK DIAGRAM 



PIN CONFIGURATIONS 




icC < 

A,,[ • 
A,C ■ 
A,C . 
A.C • 
A.C I 
A,[ 7 
A,[. 
A,[ ■ 
A,[ ID 
DO,[ It 
DO,[ " 
DO,[ 11 
VaC » 



»3 Vcc 
n 3 R 
] NC 
>3*i 
>• 3 A, 
a D A„ 
a3 3 
" □ Ai, 

»D E 

tl ] 007 
« 1 DOl 
n] DOi 
<• 3 004 

« 3 DOl 



28-300 CDIP 



PiN NAIMES 



*0"*12 


Address kpult 


w 


Write Enibto 


DQ0-DQ7 


Data In/Out 




Chip Enable 




Output EraUe 


RE 


Nonvolatlla Enabto 


Voc 


Power (+5V) 


Vss 


Ground 



STKtQG6S^M 



ABSOLUTE MAXIMUM RATINGS" 

Voltage on typical Input relative to Vss -0.6V to 7.0V 

Voltage on DC^y and 5 .-0.5V to (Vcc+0.5V) 

Temperature under bias -55''C to 1 25°C 

Storage temperature -65°C to 150'C 

Power dissipation 1 W 

DC output current 15mA 



Note a: Stresses greater than those listed under 'Absolute Maximum 
Ratings" may cause permanent damage to the device . This is a stress 
rating only, and functional operation of the device at conditions above 
those indicated In the operational sections of this specification is rwt 
implied. Exposure toabsolutemaximtimiaflnieSiiMeiMllSrmte^^ 
periods may affect reliability. 



DC CHARACTEIilSTiCS 



(Vcc = 5.0V±10%) 



SYMBOL 


PARAMETBl 


MN 


MAX 


UMTS 


NOTES 


Ice,'' 


Aancaga Vqq Cunent 




90 


mA 








85 


mA 










80 


mA 


Wav " 55n» 




Average Vqc Cunant 




SO 


mA 


Fi(Voo-OiV) 


during STORE cycto 








all others \l,„ sOJ^oii (Vcc-O.ZV) 


ISB," 


Average Vqq Current 




27 


mA 


'avav ■ 35ns 




(Standby, (^big TTt Input Levels) 




23 


mA 


•avav - 








20 


mA 


•avav - SSns 












E2V,h; an otiieis cydng 




-1 . - ' jj- 1 III 

Average V^c Current 




2 


mA 


E"a(Vcc-<l-2V) 




(Standby, Stsbis CMOS Input Levels) 










'ilk 


Input Leakage Current (Any Input) 




±1 


liA 


V(^-max 












V|N-Vss<oVec 


'OLK 


Off State Output Lealtaga Current 




±5 


tiA 


Voc-max 












ViN-VsstoVec 


V,H 


Input Logic *1* Voltage 


2.2 




V 


All Inputs 


VlL 


Input Logic '0* Voltage 


Vss-S 


0.8 


V 


All Inputs 


VOH 


Output Logic '1' Voltage 


2.4 




V 


'out " -4mA 


Vol 


Output Logic 'tr Voltage 




0.4 


V 


Iqut ■ 8mA 


Ta 


OperaUng Tenperature 


-SS 


125 


•c 





Note b: Ice, Is dependent on output loading and cycle rate. The specified values are ot)tained with outputs unloaded. 

Note c: Bringing E £ Vh, wll not produce standby current levels until any nonvolatile cycle In progress has timed out. See MODE SELECTION table. 
Note d: Iccj tfl the average current required for the duration of the store cyde (isron^ after the sequence {tucj that Initiates the cycle. 



AC TEST CONDITIONS 



input Pulse Levels 


Vsjto3V 


Input Rise and Fall Times 


iSna 


Input and Output Titnfrig Reterenoe Levels 


...15V 







CAPACITANCE^ (Ta=25''C, f=1.0MHz) 



SYMBOL 


PARAMETER 


MAX 


UNITS 


CONtMTIONS 


''IN 


litput Capacitance 


5 


PF 


AV-0to3V 




Output Capacitance 


7 


PF 


AV-OtoSV 



Nelse: These paiameten are guaranteed but not tested. 



Outpui >- 



9.0V 



480 Ohms 



aopF 

_L INCLUDINQ 
' SCOPE 
AND FIXTURE 



Figure 1 : AC Output Loading 
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STK10C68-M 



READ CYCLES #1 & #2 



(Vcc = 5.0V±10%) 



NO. 


SYMBOLS 


PARAMETER 


STK10C6S.35M 


STK10C6S-45M 


STK10C68^SM 


UMTS 


#1,112 


AIL 


MiN 


MAX 


MiN 


MAX 


MIN 


MAX 


1 


'elov 


'acs 


Chip EniMe Access Time 




35 




45 




55 


ns 


2 


'avav^ 


'rc 


Read Cycle Time 


35 




45 




55 




ns 


3 


'avov 


'aa 


Address Access Time 




35 




45 




65 


ns 


4 


'glqv 


'OE 


Oulpul Enable lo Dala Valid 




20 




25 




25 


ns 


5 


'axox 


'oh 


Output Hold Alter Address Change 


5 




5 




5 




ns 


6 


'eiox 


'lz 


Cliip Enal>le to Output Active 


S 




S 




5 




ns 


7 


'ehoz' 


'h2 


Ciilp Disable to Output Inactive 




17 




20 




25 


ns 


8 


'glox 


'0L2 


Output Enable lo Output Active 

















ns 


9 


'ghoz' 


'OHZ 


Output Disable to Output inactive 




17 




20 




25 


ns 


10 


'eucch' 


'pa 


Cliip Enable to Power Active 

















ns 


11 


'EHlCOt.°"' 


'ps 


Chip Disable to Power Standqr 




35 




45 




55 


ns 


11A 


•WHOV 


'WR 


Write Recovery Time 




45 




55 




65 


nt 



HcHa c: Bringing E high will not produce standby currents until any nonvoiatlie cycle in progress has timed out. See MODE SELECTION table. 
Note e: Parameter guaranteed but not tested. 
Note I: NE must be high during entire cycle. 

Note g : For RE AD CYCLE » 1 and »2. W and NE must be high lor entire cycle. 
Note h: Device is continuously selected with E low and G low. 
Note!: Measured ± 2a0ntV tiom steady state output voltage. 



READ CYCLE #1 '•9 '^ 



ADDRESS 



DO (Data Out) 



S 



t ' 
'avov 



w ^ 



Whov 



PWAWLP 
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WRITE CYCLES #1 & #2; G high (Vcc = 5.0V ± 10%) 



NO. 


SYMBOLS 


PARAMETER 


STK10C68-35M 


STK10C68-45M 


STK10C68-55M 


UNITS 


«1 




Alt 


MIM 


MAX 


MIN 


MAX 


MIN 


MAX 




'avav 


'avav 


'wc 


Writs Cycl6 Tirro 


35 




45 




55 






13 


^WLWH 


'WLEH 


'wp 


Write Pulsa Width 


30 




35 




45 




ns 


14 




'eleh 


'cw 


Chip Enable to End of Write 


30 




35 




45 




ns 


15 


'OVWH 


'OVEH 


'dw 


Data Set-up to End d Write 


18 




20 




30 




ns 


16 


'WHDX 


'ehdx 


'dh 


Data Hold After End of Write 

















ns 


17 


'awvh 


'aveh 


"aw 


Address Set-up to End of Write 


30 




36 




45 




ns 


18 


'awvl 


'avel 


'as 


Address Set-up to Start of Write 

















ns 


19 


'WHAX 


'ehax 


'wR 


Address IHold After End of Write 

















ns 



WRITE CYCLES #1 & #2; <5 low (Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


STK10C68-35M 


STK10C68-45M 


STK10C68-55M 


UNITS 


#1 


«2 


Alt. 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 


'avav 


'wc 


Write Cycle Time 


45 




46 




65 




ns 


13 


'WLWH 


'WLEH 


'wp 


Write Pulse Widtfi 


35 




35 




45 




ns 


14 


'elwh 


'eleh 


'cw 


Chip Enable to End of Write 


35 




35 




45 




ns 


16 


'dvwh 


'dveh 


'dw 


Data Set-up to End of Write 


30 




30 




30 




ns 


16 


'wHDX 


'ehdx 


'dh 


Data Hold After End of Write 

















ns 


17 


'avwh 


'aveh 


'aw 


Address Set-up to End of Write 


35 




35 




46 




ns 


18 


'avwl 


'avel 


'as 


Address Set-up to Start of Write 

















ns 


19 


'wHAX 


'ehax 


'wR 


Address Hold After End of Write 

















ns 


20 


"WLOZ 




'wz 


Write Enable to Output Disable 




35 




35 




35 


ns 


21 


•WHQX 




'ow 


Output Active After End of Write 


6 




5 




5 




ns 



Note f: NE must be > V,^ during entire cycle. 

Note i: Measured + 200mV from steady state output voltage. 

Note k: E or W must be 2_V|n during address transitions. 

Note m: If Wis lowviihen E goes low, tfie outputs remain in tfie fiigfi impedance state. 
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STK10C68-M 



WRITE CYCLE #1 : W CONTROLLED 



ADDRESS 



1 mmwN^ 



14 



1S 
'avwl 



DATA IN 



DATA OUT 



17 

'avwh 



13 



15 

'OVWH 



20 
'WLQZ 



PREVIOUS DATA 



19 - 
Vnhax 



'WHDX 



HI6HIMPE0AMC6 



21 
'WHOX 



B 



WRITE CYCLE #2: E CONTROLLED '•'^ 



ADDRESS 



12 
'avav 





^ It) 

'avel 


> 




N 


17 



13 



□ATA IN 



16 _^ 
<EHDX 



DATA OUT 



HIGH IMPEDANCE 



SniCiOC68-M 



NONVOLATILE MEMORY OPERATION 



MODE SELECTION 





W 


G 


NE 


MODE 


POWER 


H 


X 


X 


X 


Not Selected 


Standby 




H 


L 


H 


Read RAM 


AcUvD 




L 


X 


H 


Write RAM 


Active 




H 


L 


L 


Nonvolatile RECALL" 


Active 




L 


H 


L 


Nonvolatile STORE 






L 


L 


L 


Noopanttion 


Active 




H 


H 


X 







STORE CYCLES #1 & #2 



(Vcc-5.0V±10%) 



NO. 


SY»/IBOLS 


PARAMETER 


MIN 


MAX 


UMTS 


«1 


»2 


Alt 


22 


'WLOX'' 


'eloxs 


'sroRE 


STORE Cycle Time 




12 


ms 


23 


'wlnh'' 


'elnhs 


'wc 


STOfte Initiation Cycle Time 


35 




ns 


24 


'ghnl 






Output Disable Set-up toNE Fall 







ns 


25 




'ghel 




Output Disable Set-up to E Fall 







ns 


26 


'nlwl 


'nlel 




TjE Sel-up 







ns 


27 


'elwl 






Chip Enable Set-up 







ns 


2B 




VVLEL 




Write Enable Set-up 







ns 



Note n: An automatic RECALL also tates place at power up, staiting when Vcc exceeds 4.0V. and taking Irecau ''cni the time at which Vcc exceeds 4.SV. 

Vcc must not drop twiow 4.0V once It has been exceeded for the RECALL to function properly. 
NOe o: If E is low for any period of time in twhieh W is high and 5 and ?iE are low, then a RECMJ. cyde may be initiated. 

Note p: Measured wkh 99 and ^ both retumad high, and S relumed low. Note thai STORE oydes are inMbltad>9borttd by Vcc < 4-OV (STORE iitMl). 
Noteq: Once two l^3st>een satisfied by nE 5, Wand E,ttie STORE cyde Is complaledauten)Mlcaliy. AnyalNE.Gi.WarimaybeusadtotanTiinatetha 

STORE initiation cycle. 

STORE CYCLE #1 : W CONTROLLED" 
■ 



G 
W 



»- 84 _4,_ 

"ghnl 



27 



23 
HwtMM 



oofl3«.o«., ^ ym^^l-^ 



22 . 
'wLOX 



STORE CYCLE #2: E CONTROLLED" 



NE 



26 
'Nt£L 



25 
•ghel 



28 

•wia 



23 

'elnhs 



OQ (Data Out) 



HIGH IMPEmWCE 



22 

Ieloxs 
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STK10C68-M 



RECALL CYCLES #1 , #2 & #3 



(Vcc = 5.0V±10%) 



NO. 


SYMBOLS 


PARAMETER 


MIN 


MAX 


UNITS 


*1 




«3 


29 


t r 

'nlqx 


'eloxr 


'gloxr 


RECALL Cyde Time 




25 


|18 


30 




'elnhr 


'glnh 


RECALL Inilialion Cyde Time 


35 




ns 


31 




'nlel 


'nlgl 


N?Sel-up 







ns 


32 


'glnl 


'glel 




Output Enable Set-up 







ns 


33 


'WHNL 


'WHEL 


*WHGL 


Write Enable Set-up 







ns 


34 


'euil 




'eIjSL 


Chip Enable Sel-up 







ns 


35 


'nlqz 






TIT Fag te Outpun Inactlm 




35 


ns 



Note r: Measured with W and NE both high, and G and E low. 

Note s; Once i^lnh has been satisfied by NE. G. W and E. xheRECALL cycle is completed automatically. Any ol NE. G or E may be used to terrrinale the 

RECALL initiation cycle. 

Note t: It W is low at any point in which both E and NE are low and G is high, then a STORE cycle will be initiated instead ol a RECALL 



RECALL CYCLE #1 : NE CONTROLLED" 

NE 



32 _ 
'glnl 



34 



— ^ 



OQ (Dele Out) 



i_ 35 , 

'nlqz 



HI6H IMP£DAMCE 



RECALL €^CLE«2: E CONTROLLED^ 



NE 
G 



DO (Data Out) 



RECALL CYCLE #3: G CONTROLLED°'' 



NE ^^^^^l, 

G 



31 

WOL 



w wm/m/m 



33 . 



E ^^ ^^^ 
DO (Data Out) 



34 . 
'elgl 



30 

Iqlnh 



29 

'gloxr 



B 







■ / 


mwwm- - - .^L ^ 






' u 33 K 






'////////////////// 


, 30 , 


mmmmf 




'elnhr 

/L 




« 29 A 



mm 



Am 



DEVICE OPERATION 



The STK1 0C68-M has two modes of operation: SRAM 
mode and nonvolatile mode, determined by the state of 
the NE pin. When in SRAM mode, the memory 
operates as a standard fast static RAM. While in 
nonvolatile mode, data is transferred in parallel from 
SRAM to EEPROM or from EEPROM to SRAM. 

SRAM READ 

The STK1 0C68-M performs a READ cycle whenever E 
and G are LOW and NE and W are HIGH. The address 
specified on pins A0.12 determines which of the 8192 
data bytes will be accessed. When the READ is initiated 
by an address transition, the outputs will be valid after 
a delay of UvqvJREAD CYCLE #1 ). If the READ is 
initiated by E or G, the outputs will be valid at tgLov of 
at tcLQv. whichever is later (READ CYCLE #2). The data 
outputs will repeatedly respond to address changes 
*«'!|9'' V' within the Iavqv access time without the need for 
transitions on any control input pins, and will remain 
valid until another address change or until E or G is 
brought HIGH or S wSi is brought LOW. 

The STK1 0C68-M is a high speed memory and there- 
fore must have a high frequency bypass capacitor of 
approximately O.ljiF connected between DUT Vcc 
and Vss using leads and traces that are as short as 
possible. As with all high speed CMOS ICs, normal 
careful routing of power, ground and signals will help 
prevent notse problems. 

SRAM WRITE _ 

A write cycle is performed whenever E and W are LOW 
and NE is HIGH. The address inputs must be stable 
prior to entering the WRITE cycle and must remain 
stable until either E or W go HIGH at the end of the 
cycle. The data on pins DQ0.7 will be written into the 
memory if it is valid tovwH before the end of a W 
controlled WRITE or Idveh before the end of an E 
controlled WRITE. 

It is recommended that G be keptHIGH during the entire 
WRITE cycle to avoid data bus contentbn on common 
I/O lines. If G is left LOW, internal circuitry will turn off 
the output buffers twioz a'ter W goes LOW. 

NONVOLATILE STORE 

A STORE cycle is performed when NE, E and W are 



LOW and G is HIGH. While any sequence to achieve 
this state will initiate a STORE, only W initiation (STORE 
CYCLE #1 ) and E initiation {STORE CYCLE #2) are 
practical without risking an unintentional SRAM WRITE 
that would disturb SRAM data. During a STORE cycle, 
previous nonvolatile data is erased and the SRAM 
contents are then programmed into nonvolatile ele- 
ments. Once a STORE cycle is initiated, further input 
and output Is disabled and the DQ0.7 pins are trl-ststed 
until the cycle is completed. 

If E and G are LOW and Wand NE are HIGH at the end 
of the cycle, a READ will be performed and the outputs 
will go active, signaling the end of the STORE. 

HARDWARE PROTECT 

The STK1 0C68-M offers two levels of protection to 
suppress inadvertent STORE cycles. If the control 
signals (E, G, W, and NE) remain in the STORE 
condition at the end of a STORE cycle, a second STORE 
cycle will not be started. The STORE (or RECALL) will 
be initiated only after a transition on any one of these 
signals tottre required state. In addition to multi-trigger 
protection, the STK10C68-M offers hardware protec- 
tion through Vcc Sense. A STORE cycle will not be 
initiated, and one in progress will discontinue, if Vcc 
goes below 4.0V. 4.0V is a typical, characterized 
value. The datasheet specifications are guaranteed 
only for Vcc = 5.0 ±1 0%. 

NONVOLATILE RECALL _ 

A RECALL cycle is performed when E, G, and NE are 
LOW and W is HIGH. Like the STORE cycle, RECALL is 
initiated when the last of the four clock signals goes to 
the RECALL state. Once Initiated, the RECALL cycle will 
take tNLQx to complete, during which all inputs are 
ignored. When the RECALL completes, any READ or 
WRITE stite on the input pins will take effect. 

Internally, RECALL is a two step procedure. First, the 
SRAM data is cleared and second, the nonvolatile 
information is transferred into the SRAM cells. The 
RECALL operation in no way alters the data in the 
nonvolatile cells. The nonvolatile data can be recalled 
an unlimited number of times. 



STK10C6&-M 



Like the srORE cycle, a transition must occur on some 
control pin to cause a recall, preventing inadvertent 
multi-triggering. On power-up, once Vcc exceeds the 
Vcc sense voltage of 4.0V, a RECALLcyde is automati- 
cally initiated. The voltage on the Vcc P'" f^ust not drop 
below 4.0V once it has risen sbaa/e it in ordier forthe 
t^ALL to operdfe pimpatfy. Dm to thte ailA6i*i^ 



RECALL, SRAM Operation cannot commence until tNLQx 
after Vcc exceeds 4.0V. 4.0V is a typical, character- 
ized value. 

If the STK10C68-M is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 
To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and system Vcc- 



sTicYieit-if 



ORDERING INFORMATION 



STK10C68 - 5 C 35 M 

I— Temperature Range 

M = Military (-55 to 125 degrees C) 



Access Time 

35 = 35ns 
45 = 45ns 
55 « 55ns 



Package 

C = Ceramic 28 pin 300-mil DIP with gold lead finish 
K = Ceramic 28 pin 300-mll DIP with solder DIP fineh 
L = Ceramic 28 pin LCC 



Retention / Endurance 

10 years / 100,000 cycles 



5962-93056 04 MX X 

^ Lead Finisfi 

A = Solder DIP lead finish 

C^Gold lead DIP finish 

X = Lead f inish "A" or "C is acceptable 



Package 

MX = Ceramic 28 pin 300-mil DIP 
MY > Ceramic 28 pin LCC 



Access Time 

04 = SSns 

05 = 45ns 
OB « SSns 
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SimTEK 



STK11C68 

CMOS nvSRAM 
High Performance 
8K X 8 Nonvolatile S^tio RAM 



FEATURES 

25, 30, 35 and 45ns Access Times 

12, 15, 20 and 25ns Output Enable Access 

Unlimited Read and Write to SRAM 

Softmre STOffElnRlation 

Automatic STORET\m\ng 

100,000 SrO/7£ cycles to EEPROM 

10 year data retention In eeprom 

Automatic RECALL on Power Up 

Software RECALL Initiation 

Unlimited RECALL cycles from EEPROM 

Single 5V±10% Operation 

Commercial and Industrial Temperatures 

Availabto in motile standard packages 



DESCRIPTION 

The Simtel( STK1 1 C68 Is a fast static RAM (25. 30, 35, 
45ns), with a nonvolatile electrically-erasable PROM 
(EEPROM) element incorporated in each static memory 
cell. The SRAM can be read and written an unlimited 
number of times, while Independent nonvolatile data 
resides in EEPROM. Data transfers from the SRAM to 
the EEPROM (STC^Ej, or from the EEPROM to the 
SRAM (RECALL) are initiated through software se- 
quences. It combines the high performance and ease 
of use of a fast SRAM with nonvolatile data Integrity. 

The STK1 1C68 is pin compatible with industry stan- 
dard SRAMs and is available in a 28-pin 300 mil plastic 
or ceramic DIP, and a 28-pin SOIC. MiL-STD-883 and 
Standard Military IDrawIng (SMD 5962-92324) devices 
are also available. 



LOGIC BLOCK DIAGRAM 



EB>ROM ARRAY 



STATIC RAM 

ARRAY 
256I2S6 



STORE 

^ / 
RECAa 



STORB 
RECALL 
CONTROL 




PiN CONFIGURATIONS 



AiiC > 
A,t . 
A.C . 
A.C • 
A,l • 
».[ ' 

».c. 

A,C i 
A,C <• 

oo.C " 

D0,[ 1> 
DO,C " 

VtaC » 



•• 3 Vpc 
V J w 
» 3 NC 

• D «i 

X 3 At 

n 2 All 
n ] S 
n D Am 

" D E 

'• D DOt 
'• D DOi 
" 3 DO, 

i> 3 004 

II 3 DO] 



28 - 350 SOIC 
28 - 300 PDIP 
28 - 300 CDIP 



PIN NAMES 



Ao" A,2 


Address Inputs 


W 


WrHe Enable 


DQd-DQ, 


Data In/Out 




Chip Enable 


IT 


Output Enable 


Vcc 


Power (4'5V) 


Vss 


Ground 
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STK11C68 



ABSOLUTE MAXIMUM RATINGS^ 

Voltage on Epical input relative to Vss -0.6V to 7.0V 

Voltage on DQ0.7 and 5 -0.5V tc (Vcc+0.5V) 

Temperature under bias -55°C to 1 25°C 

Storage temperature -65°C to 150°C 

Power dissipation 1W 

DC output current 15mA 

(One output tf»tini% one saG(nd <lii«tfa^ , ^ 

DC CHARACTERfSTICS 



Note a: Stresses greater than those listed under'Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximummtlp^^Ktfefpte^amnded 
periods nnay affect rellablli^. 



(Vcc = 5.0V±10%) 



SYMBOL 


PARAMETER 


CCMMERaAL 


INDUSTRtAL 


UNITS 


NOTES 


MIN 


MAX 


MIN 


MAX 






~~i E 


Averagd Vqq Current 




90 




95 


mA 


UvAV - 2S«B 






85 




90 


mA 


'avav-SO™ 








80 




85 


mA 


'avav ■ 35ns 








75 




80 


mA 


'AVAV-^Sns 


1 "J" 


Average Vqq Currant 




50 




50 


mA 


(Vcc-"-2V) 














all othare V... < 9V or > A/— — Q^V\ 


w 


Average Vq^ Current 




30 




34 


mA 


Wv-25ns 


(Standby, Cycling TTI. Input Levels) 




27 




30 


mA 


'AVAV-30ns 








23 




27 


mA 


'avav - 35ns 








20 




23 


mA 


Javav - "tSns 
















E 2 V|^; all others cycling 




Average Vqq Current 




1 




1 


mA 


Ea(Vcc-o.2V) 




(Standby, Stable CMOS Input Levels) 












all others V,n i 0.2V or i (Vqc - 0.2V) 




Input Leakage Current (Any Input) 




±1 




±1 


MA 


Vcc-max 
















ViN-Vss'oVcc 


lotK 






+5 




±5 


(lA 


Vco - max 
















ViN-Vss'oVcc 


V,H 


Input Logic '1' Voltage 


2.2 


Vcc*-5 


2.2 


Vcc*-5 


V 


All Inputs 


V|L 


Input Logic "O' Voltage 


Vss-.S 


0.8 


VsS--5 


0.8 


V 


All Inputs 


VoH 


Output Logic "1" Voltage 


2.4 




2.4 




V 


'out " -4mA 


Vol 


Output Logic "0" Voltage 




0.4 




0.4 


V 


loUT - BTlA 


T* 


Operating Temperature 





70 


-40 


85 


•c 





Note b: Ice, h dependent on output loadltig and cycle Ttie specified values are obtained with outputs unloaded. 

Nolac: BrIriglrqiE 2 ViHWil nel produee^iMi^ current levels until any nonvolaSte See MOOE SELECTION table. 

Note d: Iccc h the nnragtf Mnent naqUMfiir the.duralton tt the store cyde ^c^^gfuS after 8)e sequence (Iwc) ^at Mtltles Sie ^de. 



ACTESTCONDmONS 





V„to3V 






Input and Output Timing Reference Levels. , . . 


1.5V 


Output Load 


. . . See Figure 1 



CAPACITANCE^ (Ta=25°C, f=1.0MHz) 



SYMBOL 


PARAMETER 


MAX 


UNITS 


CONDITIONS 


"in 


Input Capacitance 


5 




AV-0to3V 


"out 


Output Capadtanee 


7 


pF 


AV-0to3V 



Nolee: ThesepaiaiNstew'iMSUsrame^ 



Output >- 



5.0V 



<W0Ohm* 



SOpF 
. INCUJOINQ 
' SCOPE 
ANDRXTURE 



f%ure 1: AC Output Loading 



READ CYCLES #1 & #2 (Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PAmUIETER 


STK11C68-25 


STK11 068-30 


STK11C68-35 


STK11C6S-4S 


UMTS 


#1 #2 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 




(acs 


Chip Enable Access Time 




25 




30 




35 




45 


ns 


2 


'avav° 


•rc 


Read Cyde Time 


25 




30 




35 




45 




ns 


3 


t h 

'avqv 


<AA 


Address Aoosss Time 




25 




30 




35 




45 


ns 


4 


•glqv 


toE 


Output Enable to Data VaH 




12 




15 




20 




25 


ns 


s 




^OH 


Output Hold Alter Address Change 


5 




5 




S 




S 




ns 




'elqx 


<12 




5 




5 




S 




5 






7 


'ehoz' 


«HZ 


Chip Disable to Output Inactive 




13 




15 




17 




20 


ns 


8 


•glqx 


'OLZ 


Output Enable to Output Active 






















ns 


9 


• 1 

'ghoz 


'OHZ 


Output Disable to Output Inactive 




13 




16 




17 




20 


ns 


10 


^ELICCH* 




Chip Enable lo Pcwer Active 






















ns 


11 


'EHICCL 


'ps 


Chip Disable to Power Standby 




25 




30 




35 




45 


ns 


11A 


'WHOV 


•wR 


Write Recovery Time 




30 




35 




45 




55 


ns 



Note c: Bringing E £ high win not produce standby currants until any nonvclatila cyde In prsgreM has ttnad out See MODE SELECTION tabto. 

Note e: Parameter guaranteed but not tested. 
Note g: For READ CYCLE «1 and «2, W must be high lor entire cyde. 
Note h: Device is continuously selected with E low and G low. 
Note I: Measured ± 200mV Itom steady state output votage. 



READ CYCLE #1 S '' 



ADDRESS 



DO (Data Out) 



W 



READ CYCLE #2 9 



ADDRESS 
I 

DO(DatBOu|) 



S 

'axqx 



'AVOV 



11A 

Vmov 



-t » . 




*AVAV 











4 . 

•ot-OV 



8 

tSLOX 



10 

'eucch 



ACTIVE 

loo STANDBY 



Vmov 



V////////////////JA 



11 . 

*EHICCL 



7 

Iehoz 



9 

loHQZ 



WRITE CYCLES #1 & #2; G high (Vcc - 5.0V ± 1 0%) 





SYMBOLS 


PARAMETER 


STK11C6S-25 


STK11C6S-30 


STKl1C6a-35 


STK11C6a-45 


UMTS 


«1 


#2 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 


'avav 


'wo 


Write Cyde Time 


25 




30 




35 




45 




ns 


13 


'WLWH 




'wp 


Write Pulse Width 


20 




25 




30 




35 




ns 


14 


'elwh 


'eleh 


'cw 


Chip Enable to End of Write 


20 




25 




30 




35 




ns 


15 


'dvwh 


'dveh 


'dw 


Data Set-up to End of Write 


12 




15 




18 




20 




ns 


16 


'WHDX 


'ehdx 


'dh 


Data Hold After End of Write 






















ne 


17 


'avwh 


'aveh 


'aw 


Address Set-up to End of Write 


20 




25 




30 




35 




ns 


18 


'avwl 


'avel 


'as 


Address Set-up to Start of Write 






















ns 


19 


'WHAX 


'ehax 


•WR 


Address Hold Alter End of Write 






















ns 



WRITE CYCLES #1 & #2; G low 

(Vcc -5.0V ±10%) 



NO. 


SYMBOLS 


PARAMETER 


STK11C68-25 


STK11 068-30 


STK11C68-35 


STK11C68-4S 


UMTS 


«1 


#2 


Alt 


MIN 




MIN 


MAX 


mu 


MAX 


MIN 


MAX 


12 


'avav 


'avav 


'wc 


Write Cyde Time 


45 




45 




45 




45 




ns 


13 


'wLWH 


'WLEH 


'wp 


Write Pulse Width 


35 




35 




35 




35 




ns 


14 


'elwh 


'eleh 


'cw 


Chip enable «) End d Write 


35 




35 




35 




35 




nt 


15 


'dvwh 


'dveh 


'dw 


Data Set-up to End of Write 


30 




30 




30 




30 




nt 


16 


'WHDX 


'ehdx 


'dh 


Data Hold After End of Write 






















ns 


17 


'avwh 


'aveh 


'aw 


Address Set-up to End of Wrtia 


35 




35 




35 




35 




ns 


18 


'avwl 


'avel 


'as 


Address Sel-up to Start of Wrte 






















ns 


19 


'WHAX 


'ehax 


'WB 


Address Hold Alter End of Write 






















ns 


20 


'WLOZ''" 




'wz 


Write Enable to Output Disable 




35 




36 




35 




35 


ns 


21 


'WHOX 




'ow 


Output Active After End of Write 


5 




5 




5 




5 




ns 



Note I: Measured ± 200mV from steady state output voltage. 
Note k: E or W must be i. V,^ during address transitions. 

Note m: If ^ is low when E goes low, the outputs remain In the high impedance state. 



^ITE CYCLi#1: WOONTROtLEO '* 



18 
UVWL 



DATA IN 



DATA OUT 



14 

lajMH 



17 

'avwh 



13 
VUNM 



. 20 . 



19 . 
Vhmx 



"\KHnir* 



21 . 
VlHOX 



WRITE CYCLE #2: £ CONTROLLED >^ 









Vmmv 










, i« , 




a 1» . 






Ibeh 

^_ i 


Iehax 








17 


'aveh 

U . . - 13 ... . ... . . 











OATAM 



DATA OUT 



Iml IMPKDMI6B 
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«mm-e^'-. 

NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



1 


w 


A,2-Ao(hax) 


MODE 


VO 


POWER 


NOTES 


H 


X 


X 


Not Selected 


Output High Z 


Standby 




L 


H 


X 


Read SRAM 


Output Data 


Active 





L 


L 


X 


Write SRAM 


Input Data 


Active 




L 


H 


0000 


Real SRAM 


Ou4xilO«a 


AeUwe 


IM> 






15S5 


RmkISRAM 


CulputDala 




n.0 






OAAA 


RndSRAM 


Output Data 




n,a 






1FFF 


RaadSRAM 


Output Data 




n.0 






10F0 


HairiSnAM 


Output Oau 




n.0 






OFOF 


NomolMI* STORE 


OmpMHIghZ 


•co, 


n 


L 


H 


0000 


RaadSRAM 


Output Data 


Acdv* 


n,o 






1SSS 


Read SRAM 


Output Data 




n,o 






OAAA 


Read SRAM 


Oulpul Data 




n,o 






1FFF 


Read SRAM 


Output Data 




n,o 






10F0 


RaadSRAM 


Output Data 




n.0 






OFOE 


Nonvolatile RECALL 


Output High Z 




n 



Note n: The tlx consecutive addresses must t>a In order listed - (0000. 1SSS, OAAA, 1FFF, 10F0. OFOF) tor a STOnE cyde or (0000. ISSS^ OAAA. 1FFF. 10F0. OFOQ 

tar a RECMUcyda. W mutt be high during all six consecutive cydaa. Sao STORE cyde and RECSHUoydatablaa and dlagnnvtorliMhordiHIb. 
NMao: VOitaMaiaumatthalSsVu.. Initiation and operation of nonvolatile qwlos does not dapond on thaatata 0(3. 



STORE CYCLE INHIBIT and AUTOMATIC POWER-UP RECALL 




I 



T 



STORE/RECALL CYCLE (Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARMIETER 


STK11C68-25 


STK11CSa-30 


STK11C68-35 


STK11C6S-45 


UNITS 


«1 


AIL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


22 


'avav 




STORE/RECALL InWation Cyde Time 


2S 




30 




35 




45 




ns 


23 


'eloz'' 




Chip Enable to Output InMtat 




75 




75 




75 




75 


ns 


24 


'eloxs 


'srofie" 


SrOflE Cycle Tkne 




10 




10 




10 




10 


ms 


25 


'eloxr 


'nECAu.' 


RECAU CyOalkne 




20 




20 




20 




20 


1» 


26 


'aveun' 


'ae 


Address Set-up to Chip Enable 






















ns 


27 


'EIXHN 


'ep 


Chip Enable Pulse Width 


15 




20 




25 




36 




ns 


28 


'ehaxn' 


'ea 


Chip Disable to Address Change 






















ns 



Note p: Once the software STORE or RECALL cyde Is Initiated, It completes automatically. Ignoring al inputs. 
Note q: Note that STORE cydes (but not RECALLS) are aborted by Vcc < 4.0V {STORE Inhibit). 

Note r. A RECALL cyde Is Initiated automatically at power up when Vcc exceeds 4.0V. t/)£C4u. ^ measured from the point at which Vcc exeoodi 4.SV. 
Note s: Noise on the E pin may trigger multiple read cycles from the same addreu and abort the address sequence. 

Note t: II the Chip Enable Pulse Width Is less than Ielov (see read cycle «2) but grtaler than or equal to tEiEm, then the data may not be vaUd at ths and of 

the low pulse, however the STORE or RECALL will still be Initiated. 
Note u: W must be high whan E Is low during the address sequence In order to Initiate a nonvolatile cycle. G may be either high or low throughout 

Addresses «1 through «6 are found In the kiooE selection table. Address «6 determines whether the STK1 1 C68 performs a STORE or RECALL. 
Nolav: lmustbausadtBGiacklnlhBaddiasssaquanoelarth*Sanii«aiBS7D(lEandRECilU.qidsa. 



STOneRECALL CYCLE "'^ 



ADDRESS ^ ^ 



. 27 _ 
*BJEHN 



*EIMXN 



22 



IMTAOUT 



94 . W! ^ 






' VtECMJ. 
HISH IMPEDANCE 


Ieloz 


— < DKTAtMLp ^ 





DEVICE OPi^ynON 



The STK1 1 C68 has two separate modes of operatbn: 
SRAM mode and nonvolatile mode. In SRAM mode, 
the memory operates as astandard fast static RAM. In 
nonvolatile operation, data is transferred from SRAM 
to EEPROM or from EEPROM to SRAM. In this mode 
SRAM functions are dfssMsd. 



previous nonvolatile data Is first performed, followed 
by a program of the nonvolatile elements. The pro- 
gram operation copies the SRAM data Into nonvolatile 
elements. Once a STORE cycle is initiated, further 
input and output are disabled until the cycle is com- 
pleted. 



SRAM READ 

The STK1 1 C68 performs_a READ cycle whenever E 
and S are LOW while W is HIGH. The address 
specified on pins A0.12 determines which of the 8192 
data bytes will be accessed. When the READ is 
initiated by an address transition, the outputs will be 
valid after a delay ofjAvov (READ CYCLE #1 ). If the 
READ is initiated by E or €, the outputs will be v&Wd at 
tELQV or at tQLQv, whichever is later (READ CYCLE #2). 
The data outputs will repeatedly respond to address 
changes within the tAvov access time without the need 
for transitions on any control input pins, and will remain 
valid until another^ddress change or until E or S !s 
brought HIGH or W is brought LOW. 

The STK1 1 C68 is a high speed memory and therefore 
must have a high frequency bypass capacitor of ap- 
proximately 0.1|j.F connected between DUT Vcc and 
Vss using leads and traces that are as short as 
possible. As with all high speed CMOS ICs, normal 
coreful routing of power, ground and signals will help 
prevent noise problems. 

SRAM WRITE _ _ 

A write cycle is performed whenever E and W are 
LOW. The address inputs must be stable prior to 
entering the WRITE cycle and must remain stable until 
either E or W go HIGH at the end of the cycle. The 
data on pins DQ0.7 will be writtenjnto the memory if it 
is valid tovwH before the end of j W controlled WRITE 
ortovEH before the end of an E controlled WRITE. 

It is recommended that S be l<ept HIGH during the 
entire WRITE cycle to avoid data bus contention on 
common I/O lines. If S is left LOW, internal circuitry will 
turn off the output buffers twuiz sihst W goes L&N. 

NONVOLATILE STORE 

The STK1 1 C68 STORE cycle is initiated by executing 
sequential READ cycles from six specific address 
locations. By relying on READ cycles only, the 
STK11C68 implements nonvolatile operation while 
remaining pin-for-pin compatible with standard 8Kx8 
SRAMs. During the STC^ cfde, an erase of the 



Because a sequence of reads from specific addresses 
is used for STORE initiation, it is important that no 
other read or write accesses intervene in the sequence 
or the sequence will be ab^ttaii and no SfO^f or 
RECALL will tal<e place. 

To initiate the STORE cycle the following READ se- 
quence must be performed: 



Read address 
Read address 
Read address 
Read address 
Read address 
Read address 



0000 (hex) 
1555 (hex) 
OAAA (hex) 
1FFF (hex) 
10F0 (hex) 
OFOF (hex) 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
Initiate STORE Cyde 



Once the sixth address in the sequence has been 
entered, the STORE cycle will commence and the chip 
will be disabled. It is important that READ cycles and 
not WRITE cycles be used in the sequence, although 
It is not necessary that G be LOW for the sequence to 
be valid. After the tsTOHE^^^ ^'^^^ has been fulfilled, 
the SRAM will e^aln be activated for READ and WRITE 
operation. 

HARDWARE PROTECT 

The STK11C68 offers hardware protection against 
inadvertent STORE cycles through Vqc Sense. A 
sro/7£ cycle will not be initiated, and one in progress 
will discontinue, if Vcc Qo^s below 4.0V. 4.0V is a 
typical, characterized value. The datasheet specifica- 
tions are guaranteed only for Vcc - ± 1 0%. 

NONVOLATILE RECALL 

A RECALLc^c\b of the EEPROM data into the SRAM 
is initiated with a sequence of READ operations in a 
manner similar to the STORE initiation. To initiate the 
RECALL cycle the following sequence of READ op- 
erations mu^ be peFformed: 



1. Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Read address 



0000 (hex) 
1555 (hex) 
OAAA (hex) 
IFFF(hex) 

1 CFG (hex) 
OFOE (hex) 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
Initiate /I£CMU.Cycle 



Internally, RECALL is a two step procedure. First, tlie 
SRAM data is cleared and second, the nonvolatile 
information is transfen-ed into the SRAM cells. The 
RECALL operation in no way alters the data in the 
EEPROM cells. The nonvolatile data can be recalled 
an unlimited number of times. 

On power-up, once Vcc exceeds the Vcc Sense volt- 
age of 4.0 V, a RECALL cycle Is automatically initiated. 
The voltage on the Vcc pin must not drop below 4.0V 



once it has risen above it in order for the RECALL to 
operate properly. Due to this automatic RECALL, 
SRAM operation cannot commence until Xrecall sft^r 
Vcc exceeds 4.0V. 4.0V is a typical, characterized 
value. 

If the STK11C68 is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 
To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and system Vcc ■ 
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ORDERING mPORMATION 



STK11C68 - P 35 I 

I Temperature Range 

blank « Commercial (0 to 70 degrees C) 
I - IfKluslrial {-AQ to 85 degrees C) 



Access Time 

25 = 25ns 
30 = 30ns 
35 = 35ns 
45 o 45ns 



Package 

P - Plastic 28 pin 300 mil DIP 
C - Ceramic 28 pin 300 mil DIP 
S-Pla^28pinSOIC 




STK11C68-M 

CMOS nvSRAM 
High Performance 
8K X 8 Nonvolatile Static RAM 



SlfTlTEH MIL-STD-883/SMD # 5962-92324 



FEATURES 

• 35, 45 and 55ns Access Times 

• 25 and 25ns Output Enable Access 

• Unlimited Read and Write to SRAM 

• Software sroffElnltlatlon 

• Automatic srOffETIming 

• 100,000 ^roi?£eyeis8to eeprom 

• 10 year data retention In EEPROM 

• Automatic RECALL on Power Up 

• Software fffCAUinltMlon 

• Unlimited RECALL cycles from EEPROM 

• Single 5V± 10% Operation 

• Avaitabie in multlpitt standard packages 



DESCRiPTiON 

The Simtsk STK1 1 C68-M is a fast static RAM (35, 45 
and 55ns), witli a nonvolatile electrically-erasable PROM 
(EEPROM) element incorporated in each static memory 
cell. The SRAM can be read and written an unlimited 
number of times, while independent nonvolatile data 
resides in EEPROM. Data transfers from the SRAM to 
the EEPROM {STORE), or from the EEPROM to the 
SRAM (RECALL) are initiated through software se- 
quences. It combines the high performance and ease 
of use of a fast SRAM with nonvolatile data integrity. 

The STK1 1 C68-M is pin compatible with industry stan- 
dard SRAMs and is available in a 28-pin 300 mil 
ceramic DIP or28-pad LCC package. Commercial and 
industrial devices are also available. 



LOGiC BLOCK DiAGRAiUI PIN CONFiGURATIONS 
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STK11C68-M 



ABSOLUTE MAXIMUM RATINGS" 

Vottage on typical Input relative to Vss- -0.6V to 7.0V 

Voltage on and S .-0.5V to (Vcc+0.5V) 

Temperature under bias -55°C to 125''C 

Storage temperature -65°C to 1 50°C 

Power dlsslpatian 1W 

DC output current iStnA 

(Orw output at a time, one saoonddiin^t^ j '. j 

DC CHARACTERISTICS 



Note a: Stresses greater than those listed under 'Absolute Maximum 
Ratings' may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at conditions above 
those Indicated In the operational sections of this spedflcatlon Is not 
Implied. Exposure toabaolutetnaximumiMng conditions for exteniiecl 
periods may affect reliabiN^. 



(Vcc = 5.0V±10%) 



SYMBOL 


PARAMETER 


HIN 


MAX 


UMTS 


NOTES 


1 b 
•cc, 


AvsiaQe Vqq Current 




90 


mA 


'avav - 35™ 






65 


mA 


■avav"**™ 








80 


mA 


'avav - SSns 


(»• * 


Avsragd Vq^ Currant 




50 


mA 


E £ (Vi../- - 2V1 
\ CC i 




during STORE cyde .1; 








all others V,M Si 0,2V or 2 (Vcc - 0,2V) 


w 


Average Vqq Current 




27 


mA 


'avav-3*» 


(Standby, Cycling TTL Input Levels) 




23 


mA 


'AVAV-*5n8 








20 


mA 


'avav-^™ 












E£V|h: >Iathameyeltng 




Average Vcc Current 




2 


mA 


Ea(Voc-oaV) 


(Stvidby, SUIile CMOS Inpui levels) 








al others V,N s 0,2V or £ (Vcc - 0,2V) 


l|LK 


Input Leakage Cunwt (Any InpuQ 




±1 


M* 


Vcc- "rax 












V|N-VsstoVcc 


'OLK 


Off State Output Leakage Current 




+5 


HA 


Vcc-™x 












ViN-VssWVce 


V|H 


Input Logic 'r Voltage 


2.2 


Vcc*S 


V 


All Inputs 




Input Logic "CT Voltage 


Vss-5 


0.8 


V 


All Inputs 


VoH 


Output Logic '1' Voltage 


2.4 




V 


Iquj - -4mA 


Vol 


Output Logk: 'C Voltage 




0.4 


V 


louT-amA 




Operating Temperature 


-55 


125 


•c 





Note b: locj I* dependent on output loading and cycle rale. The specHled values are otMalned with outputs unloaded. 

Note c: Bringing E 2 V|h wIH not produce standby current levels until any nonvolatile cycle In progress has timed out. See MODE SELECTION 

Note d: I0C2 1* tt<e average current required for the duratkm o( the store cyde (israi^ after the sequence (two) that Initiates the cyde. 



AC TEST CONDITIONS 





V„to3V 






Input and Output TImlno Retemnee Levete 


1.5V 







CAPACITANCE* (Ta-25«C. f=1.0MHz) 



SYMBOL 


PARAMETER 




UMTS 


CONDITIONS 




Input CapadUnoe 


5 


PF 


AV.OtoSV 


''OUT 


Output CapsdlinM 


7 


I* 


AV>0tO3V 



5.0V 



4S0Ohins 



30pF 
. INCLUI3INQ 
SCOPE 
AND nXTURE 



Note a: T h ese p w anii iK ir saieguiianieadbulnoHwlrt. 



Figure 1: AC Output Loading 
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READ CYCLES #1 & #2 (Vcc = 5.0V ± 1 0%) 



MO. 


SYMBOLS 


PARAMETER 


STK11C68-35M 


STK11Ca«-4SM 


STK11C6»45M 


UNITS 


•1,«2 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 




^ACS 


Chip Enable Access Time 




35 




45 




55 


ns 


2 






Read Cycle Time 


35 




45 




55 




ns 


3 


t 


'a* 


Address Access Time 




35 




45 




55 


ns 


4 


W 


■OE 


Output Enatsla to Data Valid 




20 




25 




25 


ns 


5 


'axox 


•oh 


Output Hold Aftor Address Changs 


5 




5 




5 




ns 


6 


'elox 




Chip En«bl8 to Output Aclivs 


5 




S 




S 




ns 


7 


w 


w 


Chip Disable to Output Inactlva 




17 




20 




25 


ns 


8 


'OLOX 




Output Enable to Output AcUva 

















ns 


9 


w 


•OHZ 


Oriput DUbb to Output tnadlM 




17 




20 




25 


ns 


10 


'eucch' 


<PA 


Chip Enable to Poww AcUva 

















ns 


11 


'ehiccl''" 


<PS 


Chip DIUble to Potrnr SMndbr 




35 




45 




55 


ns 


11A 


IwHOV 




Wfl* Raesvery Tina 




45 




55 




65 


ns 



NoMc: Bringing E high «M not producaMandbyeunanlt una aivnomrialllacgp^ Saa MODE SELECTION Wbto. 

Notoe: ParanMer guaianlesd but nol tested. 

Noleg: For READ CYCLE *1 and «2.'W must be high tor enUre cycle. 

Noleh: De>rioelBconllnuouri|r ce l o elediiiMiEloiiii«nd6loii». 

Nolai: Me«und±aOOnWlisni(indr«atoau«)ut¥iili«a. 



READ CYCLE #1 9-1 



OOOMeOuO 



a 



5 

'axqx 



3 

'avov 



W ^ 



•WHOV 



DATA VALID 



READ CYCLE #2 9 

IDC 



ADDRESS 



DQQlMaauq 



Ice 



2 

Vumv 



>ELOX 



1 

Ielov 



4 . 

'OLOV 



a 

VjLCK 



liUOCH 



ACTIVE 



STANDBY 



W ^ 



11A . 
VlNOV 



11 - 

'ehiccl 



*EHaz 



9 

*aMaz 
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WRITE CYCLES «1 & #2; S high (Vcc - 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


S1X11C68-35M 


STK11CS8-4SM 


STK11C68.55M 


UMTS 


«1 


«2 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 


'avav 


•wc 


Write Cyde Time 


35 




45 




55 




nt 


13 


*WUWH 




•wp 


Write Pube Width 


30 




35 




45 




m 


14 


*EUNH 


'eieh 


•cw 


Chip Enable to End of Write 


30 




35 




45 




ns 


IS 


'dvwh 


•OVEH 


tow 


Data Set-up to End of Write 


18 




20 




30 




n« 


16 


*WHDX 


'ehdx 


<DH 


Data Hold Aflar End o( Wide 

















n« 


17 


'awih 


'aveh 


'aw 


Addren SeH4>«o End or Will* 


30 




35 




45 




ns 


18 


'avwl 


'avel 


'as 


Addrai* Set-up to Start or WMa 

















ns 


19 


Wax 


Iehax 


•wR 


Addraa* Hold Allw End of Wito 

















ns 



WRITE CYCLES «1 & #2; Q lew 

(Vcc -5.0V ±10%) 



NO. 


SYMBOLS 


PARAMETER 


STK11C68-3SM 


STK11C68-45M 


STK11C68.55M 


UNITS 


«1 




AIL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 


'avav 


Vrc 


Write Cyde Time 


45 




45 




55 




ns 


13 


'WLWH 


■wleh 


Vvp 


Write Pube WkJIh 


35 




35 




45 




ns 


14 


'elwh 


'eleh 


'cw 


Cht> Enable to End of WMa 


35 




35 




45 




nt 


15 


•OVWH 


'OVEH 


'ow 


Data Sel-up to End ol WiKa 


30 




30 




30 




ns 


16 


'WHDX 


'ehdx 


'oh 


Data Hold After End of Write 

















ns 


17 


'avwh 


'aveh 


'aw 


Address Set-up to End of Write 


35 




35 




45 




ns 


18 


'avwl 


'avel 


'as 


Address Set-up to Start of Write 

















ns 


19 


•WHAX 


'ehax 


'WH 


Address Hold After End of Write 

















ns 


20 


'WLOZ'" 




Iwz 


Write Enable to Output Disable 




35 




35 




35 


ns 


21 


'WHOX 




'ow 


Output AgUw Mlar End of Wtto 


5 




5 




5 




ns 



Note i: Measured ± 200niV from steady state output voltage. 
Noiek: E or W must be 2 during address tianaltiora. 
NolBm: KWiskMfwlMhEfBaataMi/aMoul(>iA 
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mOTE CYCLE #1: W C0NTR0LLEDI« 



ADDRESS 



E ^^^^ 



w 



DATA IN 



DATA OUT 



<AVAV 



14 
*ELWH 



iTZMMZMzmzm 



18 
UVWL 



13 
•WLWH 



. 20 . 

Vioz 



PREVIOUS DATA 



■OVWH 



DATAVAUO 



■WHOX 



21 
'wHOX 



HIGH IMPEDANCE 



WRITE CYCLE #2: E CONTROLLED^ 



ADDRESS 



DATA IN 





L " r 

*AVAV 






i J 








• " t 


* 19 — * 








•eh»x 




^ 




17 


UVEH 

, ia , 








■ 16 -U 



DATA OUT 



HIGH IMPEDANCE 



NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



E 


W 


Ai2-Aoth»x) 


MODE 


I/O 


POWER 


NOTES 


H 


X 


X 


NolSalected 


Ou«)utHlshZ 


Standl>y 




L 


H 


X 


RaadSRAM 


Output Data 


Adlva 





L 


L 


X 


WrtaSRAM 


Input Data 


Active 




L 


H 


0000 


Read SRAM 


Output Data 


AGdva 


n.o 






1555 


Read SRAM 


Output Data 




n,o 






OAAA 


Read SRAM 


Output Data 




n.o 






1FFF 


Read SRAM 


Output Data 




n.o 






10F0 


Read SRAM 


Output Data 




n.o 






OFOF 


Nonvolatile STORE 


Output High Z 


'cC2 


n 


L 


H 


0000 


Read SRAM 


Output Data 


Active 


n,o 






1SSS 


Read SRAM 


Output Data 




n.o 






OAAA 


Read SRAM 


Output Data 




nfi 






1FFF 


Read SRAM 


Output Data 




nfi 






10F0 


RaadSRAM 


Output Data 




n,o 






OFOE 


NonvDialle KCAU 


Output High Z 




n 



Note n: The tlx consecutira addresie* mat be in otder listed - (pOOO. 15SS. OAA^ 1FFF, 10P0. OFOF) tar a STORE cfde or (0000, 155& 0AAA,1FFF. 10FO, OFOE) 

tacaRECmc>de.WiniMbahlghduik«al«iiicxnaaeullmc|da*.SM57IME cyda and AEOIUcyda trills* and dtatgnm tor (Wthardalda. 
NMeiK MOiwti— uB—HmSaVa, Mltfon and qiMlanclnennlNleqdaadbaaiMl depend Witt* MM gfS 



Srmm CYCLE INHIBIT and AUTOMATIC POW^4IP mOMJL 




I 
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STORE/RECALL CYCLE (Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


STK11C6S-35M 


STK11C68-4SM 


STK11C6S-55M 


UNITS 


#1 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


22 


'avav 


w 


STDRBnECMU. InHaHon Cyd* thm 


35 




45 




55 




ns 


23 


'eIjOz'' 




Chip Enable to Output InaGlIm 




75 




75 




85 


ns 


24 


'eloxs 




STOflECydeTlme 




12 




12 




12 


ms 


25 


'elqxr 


IflECMU.' 


RECAUC^Oa-nm 




25 




25 




25 


(IS 


26 


'aveln' 


'ae 


Address Set-up to Chip Enable 

















ns 


27 


t «.t 

'elehn 


'ep 


Chip Enable Pulse Width 


25 




35 




45 




ns 


28 


'ehaxn' 


'ea 


Chip Disable to Address Change 

















ns 



NoMp: OnnlhaianNmSIDniF arnsC«UqretobinHM,KcanfMwaiton^^ 
Note q: Note that STORE (ydas (but not RECM.Li) are tyboned by Vcc < 4.0V (STORE InhbK). 

Note r: A RECALL cyde Is Initiated automailcally at power up when Vcc exceeds 4.0V. tnECAU. >s measured tom the ppM atniMch Voc we o e dl 4.SV. 
Note s: Noise on the E pin may trigger multiple read cycles Irom the same address and abort the address sequence. 

Note t: If the Chip Enable Pube Width Is less than Ielov (see read cycle *2) but grMtsr than or equal to Ielehn. than the data may not be vaM al the end of 

the low pulse, however the STORE or RECALL will still be Initiated. 
Note u: W must be high when E Is low during the address sequence In order to initiate a nonvolatile cycle. G may be either high or low throughout 

Addisssea (I through tS are found In the mode ss^ction table. Addrecs *6 datennlnes whalhar the STK1 1C68-M performs a STORE or RECALL 
NaMv: InnriMiiMd^aHtlnitoiCIMiiwiMiart^^ 



STORE/RECALL CYCLE 

ADDRESS S C 



22 



DATA OUT 



. 87 _ 
'elehn 



- < datavalc > - 



24 / 25 . 
•store / *RECAU 



23 



HIGH IMI^DAWCE 



3^ 
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STK1 t ce^H - - 

DEVICE OPERATION 



The STK1 1 C68-M has two separate modes of opera- 
tion: SRAM mode and nonvolatile mode. In SRAM 
mode, the memory operates as an ordinary static 
RAM. In nonvolatile operation, data is transferred from 
SRAMtoEEPROMorfrom EEPROMtoSRAM. Inthis 
mode SRAM functions are disabled. 



previous nonvolatile data is first performed, followed 
by a program of the nonvolatile elements. The pro- 
gram operation copies the SRAM data into nonvolatile 
elements. Once a STORE cyde is initiated, further 
input and output are disabled until the cycle is com- 
pleted. 



SRAM READ 

The STK1 1 C68-M performs a READ cycle whenever 
E and Q are LOW while W is HIGH. The address 
specified on pins A0.12 determines which of the 8192 
data bytes will be accessed. When the READ is 
initiated by an address transition, the outputs will be 
valid after a delay of Iavov (READ CYCLE #1 ). If the 
READ is initiated by E or G, the outputs will be valid at 
tEuav Of atloLQv. whichever is later (READ CYCLE #2). 
The data outputs will repeatedly respond to address 
changes within the tAvov access time without the need 
for transitions on any control input pins, and will remain 
valid until another address change or until E or G is 
brought HIGH or W brought LOW. 

The STK1 1 C68-M Is a high speed memory and there- 
fore must have a high frequency bypass capacitor of 
approximately 0.1 (iF connected twtween DUT Vcc 
and Vss using leads and traces that are as short as 
possible. As with all high speed CMOS ICs, normal 
careful routing of power, ground and signals will help 
prevent noise problems. 

SRAM WRITE 

A write cyde is performed whenever F and W are 
LOW. The address inputs must be stable prior to 
entering theWRITE cycle and must remain stable until 
either E or W go HIGH at the end of the cycle. The 
data on pins DQ0.7 will be written into the memory if it 
is valid towvH before the end of a W controlled WRITE 
or tovEH before the end dl an E controlled WRfTE. 

It is recommended that G be kept HIGH during the 
entire WRITE cycle to avoid data bus contention on 
common I/O lines. If S is left LOW, internal circuitry will 
turn off the output buffets %ttua W goes LOW. 

NONVOLATILE STORE 

The STK1 1 C68-M STORE cycle is initiated by execut- 
ing sequential READ cycles from six specific address 
locations. By relying on READ cycles only, the 
STK11C68-M implements nonvolatile operation while 
remaining pin-for-pin compatible with standard 8Kx8 
SRAMs. During the STORE cyde, an erase of the 



Because asequence of reads from specific addresses 
is used for STORE initiation, it is important that no 
other read or write accesses Intervene in the sequence 
or the sequence will be aborted and no STDflE or 
f^CALL will take place. 

To initiate the STORE cycle the following READ se- 
quence must be performed: 



1. 


Read address 


0000 (hex) 


Valid READ 


2. 


Read address 


1555 (hex) 


Valid READ 


3. 


Read address 


OAAA (hex) 


Valid READ 


4. 


Read address 


1FFF (hex) 


Valid READ 


S. 


Read address 


10F0 (hex) 


Valid READ 


6, 









Once the sixth address in the sequence has been 
entered, the STORE cycle will commence and the chip 
will be disabled. It is important that READ cycles and 
not WRITE cydes be used in the sequence, although 
it is not necessary that€ be LOW for the sequence to 
be valid. After the tsTon^^cie time has been fulfilled, 
the SRAM will again be activated for READ and WRITE 
operation. 

HARDWARE PROTECT 

The STK1 1C68-M offers hardware protedion against 
inadvertent STORE cydes through Vcc Sense. A 
SrO/7Ecyde will not be initiated, and one In progress 
will discontinue, if Vcc QOBS below 4.0V. 4.0V Is a 
typical, characterized value. The datasheet specifica- 
tions are guaranteed only for Vcc 5.0 ±10%. 

NONVOLATILE RECALL 

A RECALL cycle of the EEPROM data into the SRAM 
is initiated with a sequence of READ operations in a 
manner similar to the STORE initiation. To initiate the 
RECALL cycle the following sequence of READ op- 
erations must be performed: 



1. Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 
e. Readaddms 



0000 (hex) 
1555 (hex) 
OAAA (hex) 
1FFF (hex) 
10F0 (hex) 
0FQE(h«4 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
VaUdREAD 
Mtiato/IECMaCyde 
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Internally, RECALL is a two step procedure. First, the 
SRAM data is cleared and second, the nonvolatile 
Information is transferred into the SRAM cells. The 
RECALL operation in no way aKers the data In the 
EEPROM celts. The nonvolatile data can be recalled 
an unlimited number of times. 

On power-up, once Vcc exceeds the Vcc sense volt- 
age of 4.0V, a RECALL cycle is automatically initiated. 
The voltage on the Vcc pin i^ust mrt drop below 4.0V 



once it has risen above it in order for the RECALL to 
operate properly. Due to this automatic RECALL, 
SRAM operation cannot commence until Xrecall 
Vcc exceeds 4.0V. 4.0V is a typical, characterized 
value. 

If the STK1 1 C68-M Is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 
To help avoid this situation, a 1 0K Ohm resistor siiould 
be connected between W and system Vcc- 



a 
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STK11C6»>il 



ORDERING INFORMATION 



STK11C68 - 5 C 35 M 



L 



Temperature Range 

M = Military (-55 to 125 degrees C) 



Access Time 

35 = 35ns 
45 - 45ns 
55 - 55n8 



Package 

C = Ceramic 28 pin 300-mii DIP with gold lead finish 
K = Ceramic 28 pin 300-mil DIP with solder DIP finish 
L - Ceramic 28 pin LCC 



Retention / Endurance 
10 years / 100,000 cydes 



5962-92324 04 MX X 



L 



Lead Finish 

A- Solder DIP lead finish 

CGold lead DIP finish 

X - lead finish 'A* or "C is acseptabie 



Package 

MX = Ceramic 28 pin 300-mil DIP 
MY « Ceramic 28 pin LCC 



Access Time 

04 » 55ns 

05 - 45ns 

06 - 35ns 
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SldlTEK 



STK12C68 

CMOS nvSRAM 
8K X 8 High Performance 
AutoStore™ Nonvolatile Static RAM 



FEATURES 



DESOTIPnON 



30, 35 and 4Sns Aocem Times 

15 mA Ice at 200ns Access Speed 
Automatic STORE to eeprom on Power Down 
Hardware or Software Initiated STOREto 
EEPROM 

Automatic STORE Timing 
100,000 sro/7£ cycles to eeprom 
10 year data rMentton In EEPROM 
Automatic RECALL on Power Up 
Software Initiated RECALLirom EEPROM 
Unlimited recall cycles from EEPROM 
Single 5V±10% Operation 
Commercial and Industrial Temperatures 
Available In multiple standard packages 



The SmXek STK1 2C68 is a fast static RAM (30, 35 and 
45ns), with a nonvolatile EEPROM element incorpo- 
rated in each static memory cell. The SRAM can be 
read and written an unlimited numt>er of times, while 
independent nonvolatile data resides in EEPROM. Data 
transfers from the SRAM to the EEPROM (the STORE 
operation) tal<e place automatically upon power down 
using charge stored in an external 1 00 (iF capacitor. 
Transfers from the EEPROM to the SRAM (the RECALL 
operation) take place automatically on power up. Soft- 
ware sequences may also be used to Initiate both 
srOR£and RECALL operatk>ns. A STOREcan also be 
initiated via a single pin. 

The STK1 2C68 is available in the following packages: 
a 28-pln 300 mil plastk: or ceramic DIP, a 28-pin 600 
mil plastic DIP and a 28-pln SOIC. MIL-STD-883 and 
Standard Military Drawing (SMND §9^-94599) devices 
are also available. 



a 



LOGIC BLOCK DIAGRAM 



*•- 
A.- 
\- 
A,- 

^- 
\- 
^- 

V 



-t>- s 
->- i 

->- 8 



V 



EEPROM 
2S6x 



ARRAY 

256 



STATIC RAM 
ARRAY 



STORE 

/ / 
RECALL 
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PIN CONFIGURATIONS 



STORB 
RECAU 
CONTROL 




AttC 1 
A,C > 
A,C 4 

A,C • 
A4C I 
A.C ' 

*'E' 

A,C n 
DO,C « 
DO,C n 
DO,C n 

Vkit H 



»]W 
> ] iB 

>]A. 

» 3 A, 

= 3 A„ 

>]a 
» ] An 

>3 E 

W ] DO? 
» ] DOl 

" 1 DOS 
II ] D0< 
19 1 DOi 



28 - eOO PDIP 28 - 3S0 SOIC 
28-300PDIP 28 - 300COIP 

PIN NAMES 



- E 
-W 





Address Inputs 


w 


WitoErabIa 


DQ,.DQ, 


DatakWOM 




ChlpEmUi 


tr 


Output ENbto 


Vocx 


Power (-fSV) 


Vss 


Ground 


VCAP 


Capadtor 


m 


Hatdwara Stom/Busy 



441 



STK12C68 



ABSOLUTE MAXIMUM RATINGS" 

Voltage on typical input relative to Vgs -0.6V to 7.0V Note a: Stresses greater than those listed under "Absolute Maximum 

Voltage on DC^y and S .-0.5V to (Vcc+O.SV) Ratings' may cause permanent damage to the device. This is a stress 

Temperature under bias -55°Cto 12S°C ratingonly.andfunctionaloperationofthedeviceatconditionsabove 

Storage temperature -65% to 1 50°C those Indicated In the operational sections of this specification is not 

Power dissipation 1W implied. ExposuretoabsolutemaximumrBlingconditionsiorextendad 

DC output current 15mA periods may affect reliakxiity. 



DC CHARACTERISTICS 



(Vcc = 5.ov± loyo)** 



SYMBOL 


PARMieTER 


COMMERCIAL 


INDUSTRIAL 


UNITS 


Norei 


HIN 


MAX 


MIN 


MAX 








fee," 


Ammib* *go Cuneni 




85 




95 


mA 


'avav"*"™ 










85 


mA 


'avav-35™ 








75 




86 


mA 


<AVAV-*Sns 


loc. 


Average Vqq Cuirant During 57DflE 




6 




7 


mA 


Al Inputs £ 0.2V or 2 (Vge - 0.2V) 


■cc,' 


Average V^c Current 




15 




15 


mA 


f s 0.2V, Wi(Vcc- 0.2V) 




"••avav-ZOO™ 












others i 0.2V or 2 (Vg^ - 0.2V) 


loc« 


Awwge Vgg eunent daring AutaSIBie^ Cyde 




4 




4 


mA 


Al inputs £ Q.2V or2 (Vqq - 0l2V) 


>,• 


Average Current 




35 




39 


mA 




(Standby, Cycling TTL Input levels) 




32 




35 


mA 


'avav - 3506 








28 




32 


mA 


'avav - *5n6 
















E ^ Vj^; all others cycling 




Average Vqq Current 




3 




3 


mA 


E2(Vcc-0.2V) 


(Standby, Stable CMOS Input Levels) 












all others V,N s 0.2V or i (Vqc - 0.2V) 




Input LsiiageOamM (Any InpKi). 




±1 




±1 


mA 


Vcc-max 


■ t* . 












v«.v„toVcc 




OH SMi dulpul Lnkage Currant 




±5 




±5 


|lA 


Vcc-mn 
















VouT-Vs8<»Vcc 


V|H 


Input UgisI'VUaga 


2.2 


Vcc*-5 


2.2 


Vcc*-5 


V 


Al Inputs 


V,L 


Input Logic trvbilage 


Vss-.5 


0.8 


Vss-5 


o.s 


V 


All Inputs 


Vqh 


Output Logic M'Volliqa 


2.4 




2.4 




V 


- -AmA except HSB 


Vol 


Output Logic -(r Voltaga 




0.4 




0.4 


V 


IqUT - SmA SKOapl HSB 


T* 


Operating Temperature 





70 


■40 


85 


"C 





Note b: Ice, and ICC3 sre dependent on output loading and cycle rate. The spedtled valuee are obtained with outputs unloaded. 

Note c: Bringing E 2 Vih wiN not produce standby current levels until any nonvolallie cycle in progress has timed out. See MODE SELECTION table. 

Note d: Vcc raferenoe IsvBit througtwut this datasheet reler to Vccx H that Is where the power supply connection is made, or Vcap K Vocx I* connected to ground. 



AC TEST CONDITIONS 





V,,to3V 




^5ns 


Input and Output Timing Reference Levels. . . . 


15V 







CAPACUAN^* (TA-2SoC.f-1.0MHz) 



SYMBOL 


PARAMETER 


MAX 


UMTS 


CONDITIONS 




Input Capackancs 


8 


PF 


AV.0to3V 


''OUT 


Output Capacitance 


7 


pF 


AV-0to3V 



Nolee: These pHamlsis an guaranteed but not tesMd. 



5.0V 



2S5aim: 



480 Ohm* 



. MCU^NG 

SCOPE 
AND FIXTURE 



Figure 1 : AC Output Loading 
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SRAM MEMORY Ci^RATtON 



READ CYCLES #1 & #2 



(Vcc-5.0V±10%)d 



NO. 


SYMBOLS 


PARAMETER 


STK12C68-30 


STKl2Ce8-3S 


STK12C88-45 


UMTS 


#1, «2 


AIL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 


^EUOV 


^ACS 


Chip Etubis AecMt Urns 




30 




35 




45 


ns 


2 


'av*v 


tRC 


Daa#l r^M*^ Tln'M* 
nBcUJ L^yciB 1 Imv 


30 




35 




45 






3 


•avqv' 


(aa 


AddrMS Acoeu Time 




30 




35 




45 


n« 


4 


•glqv 


toE 


Oulpri Ensble to Otta VaM 




15 




20 




25 


nt 


5 


'axox 


Vjh 


Output Hold After Address Change 


S 




5 




S 




ns 


6 


'eIjQX 


'lz 


Chip Enable to Output ActivB 


5 




5 




S 




ns 


7 


'ehqz 


'hz 


Chip Disable to Output Inactive 




15 




17 




20 


ns 


8 


Iqlox 


tou 


Output Enable to Output Active 

















ns 


a 


•ghoz" 


•OHZ 


Output Disable to Output Inactive 




15 




17 




20 


ns 


10 


'eucch' 


tpA 


Chip EiuMe to Power AeHra 

















ns 


11 




•ra 


CMP DUbtotsPoMW Standby 




ao 




3S 




45 


M 



Q 



Nptoe Bringing EaViHwKI not produce standby www* mbB«W www' *' " «>**'P W t ^ Sm MOPE SELECTION lablK 

Nola ■: Parameter guaranteed but not tested. 

Note I: For READ CYCLE #1 and «2, W Is high for entire cyde. 

Nola g: Device Is continuously selected with E low and Q low. 

Notoh: Ma8suiad±200ntV((Dm steady Mate output votaga. 

READ CYCLE «1*>a 



DC 



DO (Data Out) 



READ CYCLE #2 f 



5 

'axox 



2 

•avav 



3 

'avov 



□O (Data Out) 





a • • 




•(WAV 


ADDRESS ) 







6 

*ELQX 



1 



4 



8 

'OLQX 



. 'mm//////// 



10 
*lElje0H 



11 . 
'atioci. 



7 

'ehqz 



sttmm 
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WRITE CYCLES #1 & #2 



(Vcc-5.0V±10%)d 



Na 


SYMBOLS 




STK12CS8-30 


STK12C88-3S 


STK12C68-4S 


UMTS 


#1 


•2 


AIL 


PARMETBI 


MN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


Wav 


'avav 




WrteCydeTIms 


30 




35 




45 




nt 


13 


V(U«H 


'WLEH 


•wp 


Write PubaWldtli 


25 




30 




35 




ns 


14 


%LWH 


*ELEH 




Ch|;> EiuMs to End ol Wilts 


25 








35 




n* 


IS 


•dvwh 


'dveh 


'ow 


uaia Sfli-up to cno « wiiio 


IS 




18 




20 




ns 


16 




'ehdx 


toH 


Data Hold After End of Write 

















ns 


17 


'*VWH 


'aveh 


'aw 


Address Set-up to End o( Write 


25 




30 




35 




ns 


18 


•avm. 


'avel 


'as 


Address Set-ip to Start of Write 
















ns 


19 


VfHAX 


'ehax 


'WR 


Address Hold Alter End of Write 

















ns 


20 






'wz 


Write Enal>le to Output Disable 




15 




17 




20 


ns 


21 


V/HOX 




•ow 


Output Acdw Mtar End or WAS 


5 




5 




5 




ns 



Note h: Measured ±200mV from steady state output voltage. 

Note I: £ or W must lie 2V|H during address transitions. 

Nolsj: ifWlsiowwhanFgasslaw.thsoiilputsranalnlntlwhlghlnpsdanoBS 



WRITE CYCLE #1 : W CONTROLLED ' 



MDDRESS 



1 ^^S^^ 



12 

Vmwv 



14 



iwzzzmmmzm. 



w 



DATAM 



DATA OUT 



IB 

Vwm. 



17 
'awvh 



13 
V(U«H 



. 20 . 

Vnoz 



PREVIOUS DATA 



IS 
*OV«M 



DATAV/UJO 



19 . 
'WHAX 



21 
'WHOX 



HIGH IMPEDANCE 



WRITE CYCLE E CONTROLLED' 



ADDRESS 



DATAM 



12 

•avav 



14 

'eieh 



13 
VllEN 



. 19 



IS 



- 1> -M 



DATA OUT 



NONVOLATILE MEMORY OPERATION 



MODE SELECTION 



E 




HSB 












W 


Kf2 " 


MODE 


I/O 


KVWCH 


NOTES 


H 


X 


H 


X 


NinSoloctod 


Output High Z 


Standby 




L 


H 


H 


X 


Read SRAM 


Output Data 


Active 


' 


L 


L 


H 


X 


Write SRAM 


Input Data 


Active 




L 


H 


H 


0000 


Read SRAM 


Output Data 


Active 










1SS6 


Read SRAM 


eul|>i«DMa 




kj 








OAAA 


Read SRAM 


OutwIDabi 




kj 








1FFF 


Read SRAM 


Output Data 




kJ 








10F0 


Head SHAM 


Output Data 




kJ 








OFOF 


Nonvolatile STORE 


Output High Z 




k 


L 


H 


H 


0000 


Read SRAM 


Output Data 


Active 


k.l 








1556 


Read SRAM 


Output Data 




k.1 








OAAA 


Read SRAM 


Output Data 




kJ 








1FFF 


Read SRAM 


Output Data 




kJ 








10FO 


Read SRAM 


Output Data 




kJ 








OFOE 


Nonvolatle RECAU 


Output High Z 




k 


X 


X 


L 


X 


STORE/tnhbIt 


Output High Z 


locz'Standby 


m 



Nolak: The tkconaacijamaddiiMMinuM be In aidartWed-(0OOO.1SS6k OAAA. IFFF.IOR). OFOF) tor a Sn)K 

aR]E)teraflECS«Uc|cla.Winuttbehlghdurii«al«boanseculli«cyclBa. Sea snm^ (^andflE04U.a|i*MilB(anddtagnm(orliiithardalali. 
Nslal: MOiiWMunwalhalSsViL. AoOioaonaliitNnalaMeciidaedoaanQldapandanliieMleoiS. 

Notom: FraMMSTDKoperaOanacniallraamanlylaWRnEhaibaandoneatira Aflwttw STORE 0r«iDooinplala6.llw 

pan wil go Into standby mode Inhibiting all operatkm until USB ikaa. . - 

HARDWARE STORE /RECALL 



NO. 


SVMBOU 


PARAMETER 


MIN 


MAX 


UMTS 


NOTES 






22 


^RECALL 




RECALL Cyde Duration 




20 


lis 


Note 


23 




'hlhh 


STORE Cycle Duration 




10 


ms 


Voo2 4.5V 


24 


'delay 


'hloz 


HSBLowtolnhbltOn 


1 




|i« 




25 


'recover 


'hhox 


HSBHIghtokihlbltOff 




300 


ns 


Nolee 


26 


'assert 


'mlhx 


External STOflE Pube Whtti 


250 




ns 


Nolea 




^swrrCH 




Low Voltage Trigger Level 


4.0 


44 


V 






liSB_OL 




HSB Output Low Current 


3 




mA 


HSB -Vol. Note e.n 




'hsb_oh 




HSB OutpU High Cunent 


5 


60 


|iA 


HSB -V,i.. Note e,n 



Note e: Thes e parameters guaranteed but not tested. 

Nolen: HSB l» an tO that hai a weak Inter nal pu llup; It is baslcaly an open drain output it Is meant to altowup to 32 STK12C68« to be ganged together for 

iknilaiiasiBaMng. DonotUaaTSllopulivaiiyaMariialGiniilliyolherthanalharSTKiacesi^plne. 
NoMo: AReCALLc^binMaMauloimlkadVatpowarip«ihanVo6«iBaadi>^iwiOH- ticcAa bniaaHindliaii the pataal«iiMDliVooagBaad( 4.6V. 



HARDWARE STORE /RECALL 



Vqap 

w 

RECALL 
STORE 

SRAM 



IS 



24 

'delay 



*iiecMj. 



26 

'assert 



J" 



-4 P 



i_r 



^ " U. as 



•store 



h23 
•sTOflE 



r "store ] 



tiigirttti i ii iiil^fc 



*4B 



SIK12GW 



SOFTWARE STORE/RECALL CYCLE (V^c - 5.0V ± 1 0%)d 



NO. 


SYMBOLS 


PARAMETER 


STK12C88-30 


STK12C88-35 


STKizcesos 


UMTS 


Std. 


All 


MN 


MAX 


HIN 


MAX 


MIN 


MAX 


27 


'*VAV 


>RC 


Stora/Rscall InHUuion Cyde Time 


30 




35 




45 




ns 


28 






Chip Enable to Output Inactive 




85 




85 




85 


ns 


29 


'aveln 


«AE 


Addrau Set-up to Chip Enable 

















ns 


30 


'eiehn'"''' 


'ep 


Chip Enable Pulse Width 


20 




25 




35 




ns 


31 


'ehaxn 


•ea 


Chip Disable to Address Change 

















nt 



Note p: Once the software STORE or RECALL cyde Is Initiated, It completes automatically. Ignoring al Inputs. 
Note q: Noise on the E pin may trigger multiple read cycles from the same address and abort the address sequence. 

Note r: If the Chip Enable Pulse Width Is less than Ielov (see READ CYCLE «2) but greater than or equal to t^E^. then the data may not be vaH at the end 

o( the low pulse, however the STORE or RECALL win still be Initialed. 
Note s: W rrwst be HIGH when E Is LOW during the address sequence In order to Initiate a nonvolatile cydat Q may be either UGH or LOW throughout. 

Addresses «1 through m are found In the MODE SELECTION table. Address «6 delennlnss whettiarlha STK12C68p«tbnm > STORE or RECALL 
Note I: E must be used to clock In the address sequence for the Software STORE and RECALL cycles. 



SOFTWARE STORE/RECALL CYCLE 0'^'^ 



ADDRESS 



'awv 



ADDRESS «t «Pljli»»iI 



a- 2S _i 



- 30 - 
*aCHN 



- 31 ^ 
*EMMIN 



23 / 22 ^ \ 



23/22 
tsTORE / *Rec«U. 



DCKDdaOuQ 
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DEVICE OPERATION 



The STK1 2C68 has two separate modes of operation: 
SRAM mode and nonvolatile mode. In SRAM mode, the 
memory operates as a standard fast static RAM. In 
nonvolatile mode, data Is transferred from SRAM to 
EEPROM (the STORE operation) or from EEPROM to 
SRAM (the RECALL operation). In this mode SRAM 
functions are dtes^led. 

srOREcydes may be in itiate d under user control via a 
software sequent or HSB assertion and are also 
automatically Initiated when the power supply voltage 
level of the chip falls below Vswitch- RECALL opera- 
tions are automatically initiated upon power-up and 
whenever the power supply voltage level rises above 
Vswitch- recall cycles may also be initiated by a 
si^are sequent. 

SRAM READ 

The STK1 2C68 pe rform s a READ cycle whenever E 
and G are LOW and FfSB and Ware HIGH. The address 
specified on pins A0.12 determines which of the 8192 
data bytes will be accessed. When the READ is initiated 
by an address transition, the outputs will be_yalid_after 
a delay of tAvov- K the READ is initiated by E or G, the 
outputs will be valid at tELov or at tQ|.ov. whichever is 
later. The data outputs will repeatedly respond to 
address changes within the tAvov access time without 
the need for transitions on any control input pins, and 
will remain valid until another a ddres s change or until 
1 or S is brought HIGH or WorHSS Is brought LOW. 

SRAM WRITE 

A write c ycle is performed whenever E and Ware LOW 
and HSB is high. The address inputs must be stable prior 
to entering the WRITE cycle and must remain stable 
until either E or Wgo HIGH at the end of the cycle. The 
data on pins DQ0.7 will be written Into the memory If it 
is valid t^vwH before the end ofaW controlled WRITE 
or tovEH before the end of an E controlled WRITE. 

It is recommended that Q be kept HIGH during the entire 
\IW)ITE ^le to avoid data bus contenflon on the 
common VO lines. If S is left LOW, internal circuitry will 
turn off the output buffers twLOZ a'ter W goes LOW. 



address locations. By relying on READ cycles only, the 
STK12C68 implements nonvolatile operation while 
remaining compatible with standard 8Kx8 SRAMs. 
During the SfOf7E cycle, an erase of the prev'ious 
nonvolatile data is first performed, followed by a pro- 
gram of the nonvolatile elements. The program opera- 
tion copies the SRAM data into the nonvolatile ele- 
ments. Once a STORE cycle is initiated, further input 
and ou^ am disii>lwd until the eyde is eomplBted. 

Because a sequence of addresses Is used for STORE 
initiation, it is critical that no other read or write ac- 
cesses intervene in the sequence or the sequence will 
be steitad. 

To initiate the STORE cycle the following READ se- 
quence must be performed: 



1. Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 
e. Read addreas 



0000 (hex) 
1555 (hex) 
OAAA (hex) 
1FFF (hex) 
10F0 (hex) 
OFOF(hex} 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
hmaSTOmOftie 



Once the sixth address in the sequence has been 
entered, the STORE cycle will commence and the chip 
will be disabled. It is important that READ cycles and 
not WRITE cycles be used in the sequence, although it 
is not necessary that S be LOW for the sequence to be 
valid. After the tsTORE cycle time has been fulfilled, the 
SRAM will again be activated for READ and WRITE 
oper^ien. 

SOFTWARE RECALL 

A recall cycle of the EEPROM data into the SRAM is 
initiated with a sequence of READ operations in a 
manner similar to the STORE initiation. To initiate the 
RECALL cycle the following sequence of READ opera- 
tions mus^ be performed: 



1. ReadaddrMS 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Read address 



0000(hex) 
1SSS(hex) 
OAAA (hex) 

IFFF(hex) 
10F0 (hex) 
OFOE (hex) 



Valid READ 

Valid READ 
Valid READ 
Valid READ 
Valid READ 
Initiate RECALL Cyde 



B 



SOFTWARE STORE 

The STK12C68 software STORE cycle is initiated by 
ttcecuting sequential READ ^cles from six specific 



Internally, RECALL is a two step procedure. First, the 
SRAM data Is cleared and second, the nonvolatlls 
Information is transferred into the SRAM cells. The 
RECALL operation in no way alters the data in the 
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EEPROM cells. The nonvolatile data can be recalled an 
unlimited number of times. 

AUTOMATIC RECALL 

During power up, or after any low power condition 
(V<iAP < Vswitch). when Vcap exceeds the sense 
voltage of Vswitch. a RECALL cycle will automatically 
be initiated. After the initiation of this automatic RE- 
CALL, if Vcap falls below Vswitch- then another RE- 
CALL operation will be performed whMevsr Vcap 
again rises above Vswitch- 

If the STK12C68 is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 

To help avoid this situation, a 1 0K Ohm resistora^wid 
be connected between W and system Vcc- 

HARDWARE PROTECT 

tThe STK12C68 offers hardware protection against 
^ti'.zi. inadvertent STORE operation during low voltage 
conditions. When Vcap < Vswitch, al' externally 
initiated STQflEoperations wilt be inhibited. 



HSB OPERATION 

The Hardware Store Busy pin (HSB) is an open drain 
circuit acting as l3oth input and output to perform two 
different functions. When driven low by the internal 
chip circuitry it indicates that a srOflE operation (initi- 
ated via any means) is in progress within the chip. 
When driven low by external circuitry for longer than 
tASSERTi the chip will conditionally initiate a STORE 
operation after tpgLAV 

READ and WRITE operations that are in progress when 
HSB is driven low (either by internal or external cir- 
cuitry) will be allowed to complete before the STORE 
opera tion is performed, in the following manner. After 
HSB goes low, the part will continue normal SRAM 
operations for toELAY- During toELAY. a transition on 
any address or control signal will terminate SRAM 
operation and cause the STORE to co mmen ce. Note 
that if an SRAM write is attempted after HSB has been 
forced low, the write will not occur and the 
operation will begin immediately. 

HARDWARE-STORE-BUSY (HSB) is a high speed, 
low drive capability bi-directional control line. In order 
to allow a t>anl< of STK12C68s to perform synchro- 
nized srOREf unctions, the HSB pin from a number of 
cNps may be conne^ed together. Each dilp contains 



a small internal current source to pull HSB HIGH when 
it is not being driven low. To decrease the sensitivity 
of this signal to noise generated on the PC Isoard, it 
may optionally be pulled to Vccx via an external 
resistor with a value such that the combined load of the 
resistor and all parallel chip connections does not 
exceed Ihsbjol at Vql- Do not connect this or any 
other pull-up to the Vcap n<Kle- 



If HSB is to be connected to external circuits otherthan 
other STK12C68S, an external pull-up resistor should 
be used. 

During any STORE operation, regardless of how i t was 
initiated, the STK12C68 will continue to drive the HSB 
pin low, releasing it only when the STORE is complete. 
Upon completion of a STORE operation, the part will be 
disabled until HSB actually goes HIGH. 

AUTOMATIC STORE OPERATION 

During normal operation, the STK12C68 will draw 
current from Vccx to charge up a capacitor connected 
to the Vcap P<n- ^<s stored cliarge will be used by the 
chip to perform a single STORE operation. After power 
up, when the voltage on the Vcap pin di^ps below 
VswiTCHi the part will automatically disconnect the 
Vcap pin from Vccx and initiate a STORE operation. 

Figure 1 shows the proper connection of capacitors for 
automatic store operation. The charge storage capaci- 
tor should have a capacity of at least 1 0O^F (± 20%) at 
6V. Each STK1 2C68 must have its own 1 0OjiF capaci- 
tor. Each STK12C68 must have a high quality, high 
frequency bypass capacitor of 0.1 connected be- 
tween Vcap and Vss. using leads and traces that are 
as short as possible. 

If the AutoStore^'^ function is not required, then Vcm> 
should be tied directly to the power supply and Vccx 
should be tied to ground. In this mode, STORE opera- 
tions may be triggered through software control or the 
HSB pin. In either event, Vcap (Pin 1) /nusf always 
have a proper b^ass capacitor conriacM to it. 

In oidarto prevent unneeded STOREoperatlons, auto- 
matic STORE S as well as those initiated by externally 
driving HSB LOW will be ignored unless at least one 
WRITE operation has tai< en pla ce since the most recent 
srOREcycle. Note that if HSB isdriven low via external 
circuitry and no WRITES have taken place, the part will 



still be disabled until HSB is allowed to return HIGH. 
Software initiated sro/7Ecycles are performed regard- 
less of whether or not a WRfTE operatlan has taken 
placa. 



PREVENTING AUTOMATIC STORES 

The Aut oStor e™ function can be disabled on the fly by 
holding HSB HIGH with a driver capable of sourcing 
15mA at a VOH of at least 2.2V as it will have to 
over power the internal pull-down device that drives 
HSB low for 50ns at the onset of an AutoStore^. 
When the STK12C68 is connected for AutoStore™ 
operation (system Vcc connected to Vccx and a 
100uF capacitor on Vcap) and Vcc crosses Vswitch 
on th e wa y dow n, the STK12C68 will attempt to pull 
HSB low; if HSB doesnt a ctually get below V|[., the part 
will stop trying to pull HSB low and abort the 
AutoStore'"' attempt. 

LOW AVERAGE ACTIVE POWER 

The STK12C68 has been designed to draw signifi- 
cantly less power when E is LOW (chip enabled) but the 
I cyde time is longer than 55ns. F^um2betow 



shows the relationship beNveen Ice and access times 
for READ cycles. All remaining inputs are assumed to 
cycle, and current consumption is given for all inputs at 
CMOS or TTL levels, over the commercial temperature 
range. F/yuredshowsthesamerelationshipfbrWRITE 
cycles. When E is HIGH, the chip consumes only 
standby currents, and these plots do not apply. 

The cycle time used in Figuro 2 corresponds to the 
length of time from the later of the last address transi- 
tion or E going LOW to the earlier of E going HIGH or the 
next address transition. W is assumed to be HIGH, 
while the state of G does not matter. Additional current 
is consumed when the address lines change state 
while E is asserted. The cycle time used in Figure 3 
corresponds to the length of time from the later of W or 
E golr^ LOW to the ^ier of Wer E going HIGH. 

The overall average current drawn by the part depends 
on the following items: 1) CMOS or 1TL input levels; 2) 
the time during which the chip_te disabled (1 HIGH); 3) 
the cycle time for accesses (E LOW); 4) the ratto of 
reads to writes; 5) the operating temperature and; 6) 
tNe Vcc l^vsl. 




Rgimt. SdwimlleDlioram Rgum2. IcephuO Raads Figuma. lee^'vOWMlM 

- NotK Typkialal25*C 
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ORDERING INFORMATION 



STK12C68 - P 35 I 

I Temperature Range 

blank = Commercial (0 - 70 degrees C) 
I > Industrial (-40 - 85 degrees C) 



Access Time 

30 = 30ns 
35 = 35ns 
45 -45ns 



Package 

P - Plastic 28 pin 300 mil DIP 
W. Plastic 28 pin 600 mil DIP 

S = Plastic 28 pin SOIC 

C - Ceramic 28 pin 300 mil DIP 
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SimTEH 



STK12C68-M 

CMOS nvSRAM 

BKxBAutoStore^'^ 

Nonvolatile Static RAiUI 
i\/IIL-STD»il^ / SMD # 5i^94599 



FEATURES 

35, 45 and 55ns Access Times 
15 mA Icc at 200ns AeaMs Spw«f 
Automatic STORE to eeprom on Power Down 
Hardware or Software Initiated STOREto 
EEPROM 

Automatic STi^ETMng 

100,000 S70I?E cycles to EEPROM 
10 year data retention In eeprom 
Automatic RECALL on Power Up 
Software Initiated fffiCALi. from EEPROM 
Unlimited RECALL cycles from EEPROM 
Single 5V±10% Operation 
Available in muitlple standard padcages 



The Simtek STK12C68-M is a fast static RAM (35, 45 
and 55ns), with a nonvolatile EEPROM element incor- 
porated in each static memory cell. The SRAM can be 
read and written an unlimited number of times, while 
independent nonvolatile data resides in EEPROM. Data 
tran^efs fiom the SRAM to the EEPROM (the STORE 
operation) take place automatically upon power down 
using charge stored in an extemal 100 capacitor. 
Transfers from the EEPROM to the SRAM (the RECALL 
operation) take place automatically on power up. Soft- 
ware sequences may also be used to initiate tioth 
STORE and /7ECA/X operations. A STOflEcan also be 
InttisAdd ^ a singie pin. 

The STK12C68-M is available in the following pack- 
ages: a 28-pin 300 mil ceramic DIP and 28-pad LCC. 
Commercial and Industrial temperature devices are 
also avaflaibie. 



LOGIC BLOCIC 0iA©R AM 



PIN CONFIGURATIONS 








zr 




*•■ 




M< 


HSB 




>f 


M< 


A| 


*•• 


)• 


M< 


A| 


Ai- 


»T 


ni 


All 


A,- 


)■ TOP VIEW 


ai 





A,- 


>l 


>i< 


Aio 


Ao 


)10 


to( 


E 


DO, 




ti< 


DO, 


DO,- 


)1Z 

,i)i4jiii 


17, 


DOa 



Ai,C 

A7C 

A.C 

A,C 

A4C 

X 
A 
A 
A 

DO 
DO 
DO, 



ap 



17 



iiSiS 

28-LCC 2B-300&OIP 

PIN NAMES 



: w_ 

D HSB 
: A. 
3 A, 
3 A„ 

s 

3 All 

3 E 
3 D07 
3 ooi 

1 DOi 

3 D04 

3 DOl 



□ 



*0-*12 


Address Inputs 


w 


Write Enable 


DQ0-DQ7 


Data In/Out 




Chip Enable 




OutpUEMMO 


Vccx 


Povrart-fBV) 


Vss 


Ground 


VCAP 


Capacitor 


m 


Hardware Store/Busy 
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STK12C68-M 



ABSOLUTE MAXIMUM RATINGS^ 

Voltage on typical input relative to -0.6V to 7.0V 

Voltage on DQ0.7 and B .-0.5V to (Vgc+O.SV) 

Temperature under bias -55 °C to 1 25°C 

Storage temperature -eS°C to 150°C 

Power dissipation 1W 

DC output currant ISmA 

(One oupu al « tlrni^ m iMood (luMM) 

DC CHARACTERISTICS 



Not* a: Stresses greater than those listed under 'Absduta Maximum 

Ratings' may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposuretoabsolute maximum radngconditionsfbrextended 
periods may aflect reliabfli^. 



(Vcc = 5.0V±10%)'' 



SYMBOL 


PARAMETER 


MIN 


MAX 


UMTS 


NOICB 




Average Vqq Currant 




85 

80 
75 


mA 
mA 
mA 


'avav " 
'avav-*** 




AWMapa Vqq Currant Dwino STDflE 




8 


mA 


Ai inpuis < ojzv or 2 (VeQ 02V) 


W 


Average Vqq Currant 
'•Wav-zoo™ 




15 


mA 


E S 0.2V, W i (V(^ - 0.2V) 
others i 0J2V or % (Vqq - 0.2V) 


fcc^ 


Average VCC currant during AusSton^ eyde 




4 


mA 


Al Inputs iOSV or i (V^ - 0;2V) 


ISB,' 


Average Vjg Current 

(Standby, Cycling TTL Input Levab) 




35 
32 
2S 


111 


•avav"**" 

<AVAV-«n» 

UvAV-5»» 

E 2 V,h; al oUisra qfdng 




Average Vqq Current 

(Standby, Stable CMOS Input Levels) 




4 


mA 


Ez(Vec-OiV) 


W 


Input Leakage Current (Any Input) 




±1 


|lA 


Vcc-naa 

V,N-Vss»0Vcc 


Iqlk 


on State Output Leakage Current 




±5 


ma 


Vcc-max 
VouT-Vss'oVec 


V|H 


Input Logk; '1' Voltage 


2.2 


Vcc+-5 


V 


Al Inputs 




Input Logic '0" Voltage 


VsS-S 


O.B 


V 


Al Inputs 


VCH 


Output Logk; *1' Votage 


2.4 




V 


lQ„f _ -4mA axcapl HSB 


Vol 


Output Logk: trVoliva 




0.4 


V 


Iqii^ BniA SHOspi HBft 


Ta 


OperMing TentpeiMui* 


-SS 


125 


•c 





Nctsb: ■ccg^'cc. are dependent on output kiading and eyda rale. The spacHadwIuas an obtained «ilh outputs unlcadsd. 

NolBc: Bringing EKVyiwHnclproduoa standby cwisMlsvatBunlH any nonvclMlleeicb In progieas has tt Sea MODE SELECTON table. 

Noted: Vqq ralarancalnrals throughout tNsdMasheeltelar to VqcxH that Is ««iin the power supply ocnneellonii mads, or Vq^ 



AC TEST CONDITION® 





V„to3V 






Input and Output Timing Reference Levsto. 


15V 







CAPACITANCE^ (Ta=25''C, f= 1.0MHz) 



SYMBOL 


PARAMETER 


MAX 


UMTS 


CONDmONS 




Input CapiGliiKi 


B 


PF 


AV.OtOSV 




0<ilpitf CBpBctonw 


7 


PF 


AV. 010 3V 



Noise: fhssa p a rs msts ra aw guaranteed but not tsstsd. 



s,ov 



4M0hn» 



Output >- 



25501m' 



30pF 
_L INCLUDIN 



JDING 
SCOPE 
AND FIXTURE 



Figure 1: AC Output Loading 
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SRAM MEMORY OPERATION 



READ CYCLES #1 & #2 



(Vcc-5.0V±10%)«1 



NO. 


SYMBOLS 


PARAMETER 


STK12C6S.35M 


STK12C68-45M 


STK12C68-SSM 


UMTS 


«1,«2 


AIL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 


*ELOV 


^ACS 


Chip EiaMa AociM Hm> 




35 




45 




55 


n« 


2 


'avav 


tRC 


DaaH f^irln Timtt 
rHNHI V/JvIO 1 lim 


35 




45 




55 






3 


'avqv' 


tAA 


Addrau Acoau Time 




35 




45 




55 


ns 


4 


Vjlov 


>0E 


Output EiMbla to Data VaH 




20 




25 




35 


ns 


5 


'axox 


«OH 


Output Hold After Address Change 


5 




5 




5 




ns 


6 


'elox 


'l2 


Ch^ Enable to Output Active 


5 




5 




5 




ns 


7 


>EHQ2 


'h2 


Chip Disable to Output Inactfve 




17 




20 




25 


ns 


8 


■OLOX 


toiz 


Output Enable to Output Active 

















ns 


9 


toHOz" 


•OHZ 


Output Dbabla to Output Inactive 




17 




20 




25 


ns 


10 


'eucch* 


•pa 


Ch^ EnafalB W PoMT ilellm 

















ns 


11 






Oiti DiHble to Powar aaidby 




35 




4« 




SS 


na 



Notec: Bringing EaVi^ will not produce standby a in ai ila imW any iiaiWBl«ll»q>d» In pwgwaahaallrnada^ 8m MQOE SELEGTIQN 
Note e: Parameter guaranteed but not tested. 
Note f: For READ CYCLE «1 and «2. W Is high for entire cyde. 
Notag: Device Is contkiuoualyseleclad with E low and Skw. 
Nolah: MMHmdiaannWIiom Heady Mr 



READ CYCLE «lf<a 



DO (Data Out) 



READ CYCLE #2* 



s 

'axox 



3 

Vvow 



ADDRESS 



□Q (Data Out) 



2 

VkVkv 



DC 



1 

'elqv 



4 

•OLQV 



/////////////////// 



10 

<iBicaN 



7 

*EHaZ 



*eHQZ 



STANDBY 
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WRITE CYCLES #1 & #2 



(Vcc-5.0V±10%)<1 





SYMBOLS 




PARAMETE 


STK12C68-35M 


STK12C68-45M 


STK12C68-S5M 


UMTS 










MN 


MAX 


MiN 


MAX 


MIN 


MAX 


12 


•avav 


• 

'AVAV 


•wc 


Wnt9 Cya8 tiitib 


35 




45 




55 




ns 


13 


<WUWH 


f 

■WLEH 


w 


Wni0 rUBO WiOin 


30 




35 




45 




ns 


14 








/\Lt„ ^ ■ . 1- 1 ■ Caul <rf l|f,|| , 

Cnip eiUDM 10 end of wnts 


30 




35 




45 




ns 


15 




loVEH 




Data Set-up to End of Write 


18 




20 




25 




ns 


16 


VVHOX 


'ehdx 


<0H 


Data Hold After End o( Write 

















ns 


17 


UvWH 


'aveh 


'aw 


Addran S8M«i to End of WMta 


SO 




35 




45 




ns 


18 


'avwl 


'avel 


■as 


Addraee Sel-up to Start oi WHM 

















ns 


19 


V/HAX 


'ehax 


<WR 


Addtaee HoU After End c( Write 

















ns 


20 






<W2 


Write EniMe to Output Disable 




17 




20 




25 


ns 


21 


•WHOX 






Output Active After End ot WrKe 


5 




5 




5 




ns 



Moleh: Measured ±200mV tram (teady Mate output volage. 

Notol: C or Wmuft bo tV|H during addmatramMans. 

IMai: If W la tow when Egoaa low, the oUlpUi remain In the Mglilnpadanse 



WRITE CYCLE #1 : W CONTROLLED ' 



12 
'avav 



14 



17 



W 



OKTMM 



DATAOUT 



18 



*WLWH 



^mMZMZMMm. 



. 20 . 



15 
'dvwh 



10 . 

'WHAX 



_ 16 
'WHDX 



21 . 



WRITE CYCLE «2: E CONTROLLED 



ADORESS 



18 



12 
'avav 



14 

'eleh 



17 . 
VkVBt 



VlUH 





« 15 . 


• 16 -J 


•OVEH 


'ehdx 


MTAM } 


[ OATAVMJD ^ 







DATA OUT 



HIOH MPBiAIICE 



NONVOLATILE MEMORY OPERATION 



MODE SELECTION 





W 






MODE 


vo 


POWER 


NOTES 


H 


X 


H 


X 


Not Seleclad 


Output High Z 


Standt>y 




L 


H 


H 


X 


Read SRAM 


Output Data 


Active 


j 


L 


L 


H 


X 


Write SRAM 


Input Data 


Active 




L 


H 


H 


0000 


Read SRAM 


Outpift Data 


Active 










1555 


Read SRAM 


Output Data 




kj 








OAAA 


Read SRAM 


Output Data 




kj 








1FFF 


RaadSRAM 


Output Data 




U 








10F0 


Read SRAM 


Output Data 




K.I 








OFOF 


Nonvolatile STORE 


Output High Z 




k 


L 


H 


H 


0000 


RudSRAM 


Output Data 


Active 


kJ 








1555 


RMdSRAM 


Output Data 




U 








OAAA 


RaadSRAM 


Output Data 




kJ 








1FFF 


RaadSRAM 


Output Data 




kJ 








10F0 


RaadSRAM 


Output Data 




kJ 








OFOE 


Nonvolatlla RECALL 


Output High Z 




k 


X 


X 


L 


X 


STORE/\nhm 


Output High Z 


Igc^Standby 


m 



Note K: The sbt oonsacutlva addressee must tie In order listed - (0000, 1 555. OAAA. 1 FFF. 1 0FO. OFOF) for a STORE cyda or (0000, 1 555, OAAA, 1 FFF, 10F0, 

OFOE) for a RECALL cycle. W must be high during all six consecutive cycles. See STORE cycle and fteOHU eidklMm and dHtgiainilor iUrthacdalalh. 
Note I: I/O s tale assumes that G i V|^. Activation of nonvolatile cycles does not depend on the state of S. 

Nolam: HSB Initiated STORE operation actually occurs only It a WRITE hatbaandonailneabst STORE operation. Attar the STORE (Van)4eQntplalaa, Ida 



part will go Into standby mode Inhibiting all operation until HSB rises. 

HARDWARE STORE /RECALL 



NO. 


SYMBOLS 


PARAMETBI 


MIN 


MAX 


UMTS 


NOTES 






22 


*>IECU1 




flECSMUCydaDufatkin 




25 




Nolao 


23 




'hum 


STORE Cyda OwatkMi 




12 


ms 




24 


'delay 


'hloz 


HSSLowtoMiUOn 


1 




f 




25 


'recover 


'hhqx 


nSBHighlolnhMOa 




300 


nt 


Nolaa 


26 


'assert 


'hlhx 


External STORE Pub* WkMi 


250 




rw 


NMaa 




^swrrcH 




Low Voltage Trigger Lam 


4.0 


4.5 


V 






'H5B_ol 




HSB Output Low Current 


3 




mA 


RBff. Vol. Notes, n 




'hsb_oh 




"HSB Output High Current 


5 


60 


liA 


MSB - V||_. Note e. n 



Nslae: These paiamawa guaranteed t)ut nonaatad. 

Nolan: HSghanKOthlhatainieaklnlamalpuBup; khliasteallif an open drain output ltlsmaanttoallowup«o32STK12C884latobagangadlogalharlor 
iinukanaoua aMng. Da not UMTSBtopuhVMrattairadcitqAiyslhwthn other STK12C6B-MTSG[p^ 



HARDWARE STORE /RECALL 

^SWITCH 



W 

RECAU 
STORE 

SRAM 













I 






u 



Way 



22 

^ecAii 



VaKRT 



LT 



Way 













N / 


\ / 




mssnssmm^mi 





SOFTWARE STORE/RECALL CYCLE 



(Vcc = 5.0V±10%)«' 



HO. 


SYMBOLS 


PARAMETER 


STK12C68-3SM 


STK12C6S-45M 


STK12C6e-S5M 


UNITS 


Std. 


Alt 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


28 


'avav 


'nc 


STORE/RECALL Initiation Cyde Time 


35 




45 




55 




ns 


29 






Chip Enable to Output Inadlva 




BS 




85 




85 


ns 


30 




<AE 


Address Set-up to Chip Enable 

















ns 


31 


'elehn"" 


<EP 


Chip Enable Rube Width 


2S 




35 




45 




ns 


32 


'ehaxn 


<EA 


Chip Disable to Address Change 

















ns 



Note p: Once the software STORE or RECALL cyde Is Initiated, It completes automatically, Ignoring all Inputs. 
Note q: Noise on the E pin may trigger multiple read cycles from the same address and abort the address sequence. 

Note r: If the Chip Enable Pulse Width Is less than t^jgy (see READ CYCLE #2) but greater than or equal to tejEm,, then the data may not be valid at the end 

ol the low pulse, however the STORE or f^BUJ. will stlU be Initiated. 
Note s: W must be HIGH when E Is LOW during lha tddiBss sequence In order to Initiate a nonvolatile ^de: § may be either HIGH or LOW throughout. 

Addreuas «1 through «6 are lotind In the MODE SELECTION table. Address *S determines whether da StKISCSSrM pertorms a STOflE or RECALL. 
Note t: f mutt be used to dock In the address sequenea far the SofMoro STORE and REOALL eydas. 



SOFTWARE STORE/RECALL CYCLE "l-^* 



28 
Wav 



ADDRESSS1 Nsarnvm. 



UVELN 



- 31 _ 
*EI£HN 



- 32 ^ 
*EHAXN 




23 / 22 . 
teonS / VtECAU 



%U1Z 



DQ(DataOu() 
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DEVICE OPERATION 



The STK12C68-M has two separate modes of opera- 
tion: SRAM mode and nonvolatile mode. In SRAM 
mode, the memory operates as a standard fast static 
RAM. In nonvolatile mode, data Is transferred from 
SRAM to EEPROM (the STORE operation) or from 
EEPROMto SRAM (the flCCAiXopeiaiian). In this mode 
SRAM functions are disabled. 

srOf7Ecycles may be in itiate d under user control via a 
software sequence or HSB assertion and are also 
automatically initiated when the power supply voltage 
level of the di^i falls below Vsyy^yQ^. RECALL opera- 
tions are automatically initiated upon power-up and 
whenever the power supply voltage level rises above 
^SWITCH- ^^^^LL cycles may als3 be initiated by a 
software sequence. 

SRAM READ 

The STK1 2C68-M perfo rms a READ cycle whenever E 

and S are LOW and flSB and Ware HIGH. The address 
specified on pins determines which of the 8192 
data bytes will be accessed. When the READ is initiated 
by an address transition, the outputs will be_yalid_after 
a delay of X/^Qy. If the READ is initiated by E or G, the 
outputs will be valid at tg^^ or at t^i^QVi whichever is 
later. The data outputs wnll repeatedly respond to 
address changes within the t^yQy access time without 
the need for transitions on any control input pins, and 
will remain valid until another a ddres s change or until 
I or G is brought HIGH or W or HSB is brought LOW. 

SRAM WRITE 

A write c ycle is performed whenever^ and Ware LOW 

and HSB Is high. The address inputs must be stable prior 
to entering the WRITE cycle and must remain stable 
until eitherEorWgo HIGH at the end of the cycle. The 
data on pins DQq.^ will be written into the memory if it 
te valid tQ^H before the end of a W controlled WRITE 
or Xxs^mn ^'^■'b of an 1 contrt^led WRITE. 

It is recommended that S be l<ept HIGH during the entire 
WRITE cycle to avoid data bus contention on the 
common I/O lines. If S is left LOW, internal circuitry will 
turn off the output buffers tyy|_g2 aftsr W goes LOW. 



address locations. By relying on READ cycles only, the 
STK12C68-M implements nonvolatile operation while 
remaining compatible with standard 8Kx8 SRAMs. 
During the STORE cycle, an erase of the previous 
nonvolatile data is first performed, followed by a pro- 
gram of the nonvolatile elements. The program opera- 
tion copies the SRAM data into the nonvolatile ele- 
ments. Once a STORE cycle is initiated, further input 
and output are disabled until the cycle is completed. 

Because a sequence of addresses is used for STORE 
initiation, it is critical that no other read or write ac- 
cessm intervene in the sequence or the sequence will 
be aborted. 

To initiate the STORE cycle the following READ se- 
quence must be perforrrusd: 



1 . Read address 

2. Read address 

3. Read address 

4. Read address 

5. Readaddiass 

6. Read address 



0000 (hex) 
1S55 (hex) 
OAAA (hex) 
1FFF (hex) 
10F0(he)4 
OFOF(hsx) 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
ValdREAD 
kiiiaM STORE 



Once the sixth address in the sequence has been 

entered, the STORE cycle will commence and the chip 
will be disabled. It is important that READ cycles and 
not WRITE cycles be used in the sequence, although it 
is not necessary that G be LOW for the sequence to be 
valid. Afterthetsi-Qf^gcycletlmehasbeen fulfilled, the 
SRAM will again be activated l|»r READ and WRITE 
operation. 

SOFTWARE RECALL 

A RECALL cycle of the EEPROM data into the SRAM is 
initiated with a sequence of READ operations in a 
manner similar to the STORE initiation. To initl£rte the 
RECALL cycle the following sequence of READ opera- 
tions must be performed: 



1. Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Readi 



OOOO(hex) 
1555 (hex) 
OAAA (hex) 
IFFF (hex) 
10F0 (hex) 
OFOE0MI4 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
InitiatQ RECALL Cyde 



SOFTWARE STORE 

The STK12C68-M software STOflEcycle is initiated by 
executing sequential READ cycles from six specific 



Internally, RECALL is a two step procedure. First, the 
SFtAM data is cleared and second, the nonvolatile 
information is transfen'ed into the SRAM cells. The 
RECALL operation in no way alters the data in the 
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EEPROM cells. The nonvolatile data can be recalled an 
unlimited number of times. 

AUTOMATIC RECALL 

During power up, or after any low power condition 
(Vqap < ^switch)' when exceeds the sense 
voltage of ^sv^ncH' ^ ff£'C<4U.cyde will automatically 

be initiated. After the initiation of this automatic RE- 
CALL, if Vpyy, falls below Vsy^ijcH- ^f^®" another RE- 
CALL operation will be performed whenever ^cfp 
again rises above Vgy^u^N^. 

If the STK12C68-M is in a WRITE state at the end of 
power-up RECALL, the SRAM data will be corrupted. 
To help avoid this situation, a 1 0K Ohm resistor should 
be connected between W and system Vqq. 

HARDWARE PROTECT 

The STK12C68-M offers hardware pretectbn against 
inadvertent STORE operation during low voltage 
conditions. When Vq^^ < VgyyuQ^ all externally 
Initiated S7@RIEeperatieii»will be inh^ilad. 



HSB OPERATION 

The Hardware Store Busy pin (HSB) is an open drain 
circuit acting as both input and output to perform two 

different functions. When driven low by the internal 
chip circuitry it Indicates that a STORE operation (initi- 
ated via any means) Is in progress within the chip. 
When driven low by extemal circuitry for longer than 
^ASSERT' ^ oondltenally initlale a STORE 

operation after toQj^Y- 

READ and WRITE operations that are in progress when 
HSB is driven low (either by internal or external cir- 
cuitry) will be allowed to complete before the STORE 
oper ation is performed, in the following manner. After 
HSB goes low, the part will continue normd SRAM 
operations for tpgy^y. During toQ^Y> ^ transitton on 
any address or control signal will terminate SRAM 
operation and cause the STORE to co mmen ce. Note 
that if an SRAM write Is attempted after HSB has been 
forced low, the write will not occur and the STORE 
operation will begin immediately. 

Hardware-Store-Busy (F^) is a high speed, low drive 
capability bl-d!rsctlonal control line. In order to allow a 
bankof STK1 2C68 -Ms to perform synchronized STORE 
functions, the HSB pin from a number of chips may be 



connected together. Ea ch ch ip contains a small inter- 
nal current source to pull HSB HIGH when it is not being 
driven low. To decrease the sensitivity of this signal to 
noise generated on the PC board, it may optionally be 
pulled to Vqqx via an external resistor with a value 
such that the combined load of the resistor and all 
parallel chip oonnectbns does not exceed Ipgg at 
Vqi^. Do not oonneet this or any other pull-up To the 

VcAP 



If HSB Is to be connected to external circuits other than 
other STK1 2C68-Ms, an extemal pull-up rwistorshould 
be used. 

During any STORE operation, regardless of how it was 
initiat ed, the STK12C68-M will continue to drive the 
HSB pin low, releasing It only when the STORE is 
complete. Upon completi onof a STORE operation, the 
part will be dtea^ed untif HSB actually goes HIGH. 

AUTOMATIC SraflE OPERATION 

During normal operation, the STK12C68-M will draw 
current from VQ^^to charge up a capacitor connected 
to the Vq^^j pin. This stored charge will be used by the 
chip to perform a single STORE operation. After power 
up, when the voltage on the V^^y^ pin drops below 
^SWITCH' P^'^ w'" automatically disconnect the 
^CAP P'" ^ccx initiate a STOffE operation. 

Figure 1 shows the proper connection of capacitors for 
automatlcstore operation. The charge storage capaci- 
tor should have a capacity of at least 1 0O^F (± 20%) at 
6V. Each STK12C68-M must have its own 10o|iF 
capacitor. Each STK12C68-M must have a high 
quality, high frequency bypass capacitor of 0.1)iF 
connected between ^CAP ^'^'^ ^ss- using leads and 
traces that are as short as possible. 

If the AutoStore™ function is not required, then 
should be tied directly to the power supply and Wqq^ 
should be tied to ground. In this mode, STORE opera- 
tions may be triggered through software control or the 
HSB pin. In either event, ^Qfjp (Pin 1 ) must always 
have a proper bypass capacitor connected to it. 

In orderto prevent unneeded STOREoperations, auto- 
matic STOR ES as well as those initiated by externally 
driving HSB LOW wHI be ignored unless at least one 
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WRITE operation has tak en pla ce since the most recent 
srOflEcycle. Note that if HSB is driven low via external 
circuitry and no WRIT ES ha ve taken place, the part will 
still be disabled until HSB is allowed to return HIGH. 
Software initiated STDREcycles are performed regard- 
less of whether or not a WRITE operation has talwn 
place. 

PREVENTING AUTOMATIC STORES 

The Au toStor a^'* function can be disabled on the fly by 
holding HSB HIGH with a driver capable of sourcing 
15mA at a VOH of at least 2.2V as it will have 1o 
over power the internal pull-down device that drives 
HSB low for 50ns at the onset of an AutoStore™. 
When the STK12C68-M is connected for 
^utoStore^*"operation (system Vqj; connected to Vq^^ 
and a 100uF capacitor on Vgy^p) and Vqq crosses 
^sw/n cH ° " w ay dow n, the STK1 2C68 will attempt 
to pull HSB LOW ; if HSB doesnl actually get below V,,^, 
the part will stop trying to pull HSB LOW and abort the 
^utoSforeT^attempt. 

LOW AVERAGE ACTIVE POWER 
The STK12C68-M has been designed to draw signifi- 
cantly less power when E is LOW (chip enabled) but the 



access cycle time is longer than 55ns. Figure 2 below 
shows the relationship between \qq and access times 
for READ cycles. All remaining inputs are assumed to 
cyde, and current consumption is given for all inputs at 
CMOS or TTL levels, over the commercial temperature 
range. F^f^u/sdshowsthe same relationshipfbr WRITE 
cycles. When E is HIGH, the chip consumes only 
standby currents, and these plots do not apply. 

The cycle time used in Figure 2 corresponds to the 
length of time from the later of the last address transi- 
tion or E going LOW to the earlier of E going HIGH or the 
next address transition. W is assumed to be HIGH, 
while the state of G does not matter. AddK'nnal current 
is consumed when the address lines change state 
while E is asserted. The cycle time used in Figure 3 
corresponds to the length of time from the later of W or 
E going LOW to the earlier of W or E going HIGH. 

The overall average current drawn by the part depends 
on thefollowing items: 1) CMOSorTTL input levels; 2) 
the time during which the chipjs disabled (E HIGH); 3) 
the cycle time for accesses (E LOW); 4) the ratk> of 
reads to writes; 5) the operating temperafoire and; 6) 
the Vqq level. 




ORDERING INFORMATION 



STK12C68 - 5 C 35 M 

L Temperature Range 

> M-Military (-55 to 125 degrees C) 



Access Time 

35 « 35ns 
4f - 45ns 
S§-55ns 



Package 

= Ceramic 28 pin 300-mil DIP with gold lead finish 
K = Ceramic 28 pin 300-mil DIP with solder DIP finish 
L ' Ceramic 28 pin LCC 



Retention / Endurance 

1 ymra 1 1 00,600 ^r^es 



Lead Finish 

A = Solder DIP lead finish 

C =Gold lead DIP finish 

X >lead finish "A* or aoceptable 



Package 

MX = Ceramic 28 pin 300-mtl DIP 
M¥ - Gefatnie 28 pin LCC 



Access Time 

01 = 55ns 

02 = 45ns 

03 m mns 



4-60 



5962-94599 01 MX X 

L 



MOTES 
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SimTEK 



STK11C88 

32K X 8 nvSRAM 
Hlf fi Performance CMOS 
Nonvolatile Static 



FEATURES 

• 25ns, 35ns and 45ns Access Times 

• Store to EEPROM Initiated by Software 

• Recall to SRAM Initiated by Software or Power 
Restore 

• 25mA ice at 200ns Cycle Time 

• Unlimited RecaUs from EEPROM to SRAM 

• 100,000 Store Cycles to EEPROM 

• 10 Year Data Retention in EEPROM 

• Commercial and Industrial Temp. Ranges 

• n Pin 600 roil PDIP package 



DESCRIPTION 



pmUMtNARY 



The Simtek STK11C88 is a fast static RAM with a 
nonvolatile, electrically-erasable PROM element 
Incorporated in each static memory cell. The SRAM 
can be read and written an unlimited numtjer of 
times, while independent, nonvolatile data resides in 
EEPROM. Data transfers from the SRAM to the 
EEPROM (the STORE operation), or from EEPROM 
to SRAM (the RECALL operation) also take place 
using a software sequence. Transfers from the 
EEPROM to the SRAM (the RECALL operation) 
also take place automatically on restoration of 
power. 



BLOCK DIAGRAM 



PIN CONFIGURATIONS 



A.- 

^- 



-0>- a. 

-O- IE 





EEPROM ARRAY 
256 X 1024 


STATIC RAM 
MffiAY 

2sexioe4 


/ 

STORE 

/ 

recXll 

/ 





STORE/ 
RECALL 



SOFTWARE 

DETECT 




-E 

-w 




PIN NAMES 



Ao- A,4 


Address Inputs 


W 


Write Enable 


DQa-DQ7 


Data In/Out 


E 


Chip Enable 


G 


Output Enable 


Vco 


Power (+5V) 


Vss 


Ground 



I 
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ABSOLUTE MAXIMUM RATINGS- 

Vo«aB8 on biput reitfve to Vag, -0.6V to (Vcc + 0.5V) 

Vbltage on DQ0.7 -0.5V to (Vcc + 0.5V) 

Tempamturs under bias -55°C to 12S°C 

Stoiage temperature -e5°C to 1 S0*C 

Power dissipation 1W 

DC output current ISmA 



Note a: Stresses greater than those iisted under 'Absolute Max- 
mum Ratings' may cause pennanent damage to the 
device. This a stress rating oniy, and functionai operation 

of the device at conditions above those Indicated in the 
operational sections of this specification Is not implied. 
Exposure to absolute maximum rating conditions for 
extended pwkxls may allect raHabMty. 



DC CHARACTERISTICS (Vqc = 5.0V ± 1 0%) 



SYHIBOL 


PARAMETER 


COMMERCIAL 


INDUSTRIAL 


UNrrs 


NOTES 


MIN 


MAX 


MIN 


MAX 


Ice, 


Average Current 




ISO 
130 

110 




165 
145 
125 


mA 
mA 
mA 


'avav = 25ns 
tAVAV ~ 35n8 

'avav = *Sn8 


1002° 


Average Current During STORE 




6 




7 


mA 


All inputs Don't Care, Vcc* riuuc 




Average Vcc Current at t^vAV = 200ns 




25 




25 


mA 


W a (Vcc- 0.2V) 

All omers cycling, umuo leveis 




Average Ounw^ 

(Slaiiiltiy, Cyiilig TTt InpiA Uvets) 




37 
33 
30 




39 
35 
32 


111 


<AVAV=25nS, E2 V|H 
'avav = 35ns, E i V|H 
'avav = E ^ V|H 


Isea- 


Standby Current 

(Standby, Stable CMOS Input Levels) 




3 




3 


mA 


E> (Vcc -0.2V) 

All otiiers V|N £ 0.2V or 2 (Vcc - 0.2V] 


l|LK 


Input Leakage Current 




±1 




±1 


ma 


Vcc = ma'T 

V|N = VssloVcc 


'OLK 


OfF^Mla OMput liMikage CuHeni 




±1 




±1 


(lA 


Vcc = max 

ViN - Vss to Vcc. E or G a Vh 


V|H 


Input Logic ■rVolMge 


2.2 


Vcc + 5 


2.2 


Vcc + .5 


V 


All Inputs 


VlL 


Input Logic V Voltaga 


Vss-S 


0.8 


VSS-.5 


0.8 


V 


All inputs 


VOH 


Output Logic '1' Voltage 


2.4 




2.4 




V 


•out =-4mA 


Vol 


Output Logic VVisKage 




0.4 




0.4 


V 


■out -8mA 




Operating Temperature 





70 


-40 


85 


°c 





Note b: Ice, end Icoj are dependent on output loading and cycle rate. The specified values are obtained with outputs unloaded. 

Note c: \qc, 'iie average current required for the duration of the STORE cycle (Istohe ) ■ 

Note d: E 2: >/|H will not produce standby current levels until any nonvolatile cycle in progress has timed out. 



AC TEST CONDITIONS 





OV to 3V 






Input and output timing reference levels 


1.5V 


Output load 


See Figure 1 



CAPACITANCE^ (Ta = 25°C, f = 1 .OMHz) 



SYMBOL 


MRAMETER 


MAX 


UNrrs 


CONOmONS 




Input capacitance 


5 


pF 


AV = to 3V 


CoUT 


Output capacitance 


7 


pF 


AV = to 3V 



Noiee: These paiamelerB are gueianteed but not lasted. 



Output >- 



255 Ohms' 



5.0V 



'480 Ohms 



aopF 

INCLUDING 

SCOPE 

ANDFDCTUK 



Figure 1 : AC Output Loading 



STK11C88 



SRAM READ CYCLES #1 & #2 



(Vcc = 5.0V±10%) 



NO. 


SYMBOLS 


PARAMETER 


STK11CS8-25 


STK11CS8-35 


STK11C88-4S 


UNITS 


*1,«2 


AK. 


MN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 


'elqv 


'ACS 


Chip EnaUs Access Tune 




25 




35 




45 


ns 


2 


'avav' 


<HC 


Read Cycle Time 


25 




35 




45 




rts 


3 


'avqv' 


Iaa 


Address Access Time 




25 




35 




45 


ns 


4 


•glqv 


lOE 


Output Enable to Data Valid 




10 




IS 




20 


ns 


5 


'axqx' 


'oh 


Output Hold After Address Change 


3 




3 




3 




ns 


6 


'elqx 


'lz 


Chip Enable to Output Active 


5 




5 




5 




ns 


7 


Iehqz'' 


'HZ 


Chip Disable to Output Inactive 




10 




13 




15 


ns 


8 


•glqx 


'OLZ 


Output Enable to Output Active 

















ns 


9 


Ighqz'' 


'OHZ 


Output Disable to Output Inactive 




10 




13 




15 


ns 


10 


•elicch* 


'PA 


Chip EaMe to Power Active 

















ns 


11 


'ehiccl''' " 


'ps 


Chip Disable to Power Standby 




, as 




35 






n« 



Note f: W must be higti during SRAM read cycles and tow during SRAM write cycles. 
Note g: I/O state assumes E and G < Vji. and W > V|h: device Is continuously a 
HctB h: Measured ± 200mV from steady state output voltage 



SRAM READ CYCLE #1 (Address Controlledy' ^ 



ADDRESS 



DQOMbOuQ 





* *tmi " 












'amk •{ 













SRAM READ CYCLE #2 (E Controlled^ 



'aw 



ADDRESS 



OQ(Data Out) 



loc 



teijQx 



■Iglqv 



^^^^^^ 



tEMOX 



"'biqz- 



"'ghqz" 



-I " 
■eucch 



STK11C88 



SRAM WRITE CYCLES #1 & #2 



(Vcc = 5.0V±10%) 



NO. 


SYMBOLS 




STK11C8S-2S 


STKIICaMS 


STK11C8S-45 


Life 19 


»1 


*2 


Alt 


MN 


MAX 


MIN 


MAX 


MM 


MAX 


12 


UVAV 


'avav 


'wc 


Write Cycle Time 


25 




35 




45 




ns 


13 


•WLWH 


'WLEH 


'WP 


Write Pulse Width 


20 








30 




ns 


14 


'euvh 


tELEH 


<ow 


Chip Enable to End of Write 


20 




25 




30 




ns 


IS 


loVWH 


'dveh 


'dw 


Data Set-up to End of Write 


10 




12 




15 




ns 


16 


'WHDX 


'ehdx 


•dh 


Data HoM MMr End ol WMte 

















ns 


17 


'avwh 


'aveh 


<AW 


Address Set-up to End of Write 


20 




25 




30 




ns 


18 


•avwl 


'avel 


Ias 


Address Set-up to Start of Write 

















ns 


19 


'WHAX 


'ehax 


'WH 


Address Hold After End of Write 

















ns 


20 






•wz 


Write Bnabto to Output OinHs 




10 




13 




IS 


ns 


21 


•WHQX 




■ow 


Output Active After End of Write 


5 




S 




s 




IW 



Naisi: 



If W is low when E goes low the outputs remain in the high impedance t 
1 orS7 muilteAMin dutiBBiMlcliB W tmn Bo m . 



SRAM WRITE CYCLE #1: W CONTROLLED' 

. t2 



*EIMH 



"Iavwl" 



DATAM 



DMA OUT 



20 
"'WLQZ 



WIEWOUgtMSivr 



IS 

'iDiniiH' 



'WHAX 



MWMWWiBB<6t 



SRAM WRITE CYCLE #2: E CONTROLLED) 

12 

'avav ~ 



UviL 



taw 



*A\ei 



DATA IN 
DATA OUT 



*I>VEH 



tEHAX 



' ^IBHDK ' 



HMH 
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STORE INIHIBIT / POWER-UP RECALL (Vcc = 5.0V ± 1 0%) 



na 


SYMBOLS 


RMUMETER 


STK11C88 


UNrrs 


NOTES 


Standard 


MIN 


MAX 


22 


(restore 


Power-Up RECALL Duratkin 




550 




k 


23 


'store 


STORE Cycle Duration 




10 


ms 




24 


^SWITCH 


Low Voltage Trigger Level 


4.0 


4.5 


V 




25 


Preset 


Low vailaaa Reset Level 




3.6 


V 





^''^ Restore siBits from tho lints Vqq rissa above ^gtn^rcH- 



SrO/7£ INHIBIT / POWER-UP RECALL 




POWER UP RBCMJ. 



POWER UP 
RECALL 



BROWN OUT 
STORE INHIBIT 

NORECAa 
(Vcc DID NOT GO 
BELOW VreSET) 



BROWN OUT 
STORE INHIBIT 

NO RECAU 
(Vcc DID NOT GO 
BELOW Vreset) 



BROWN OUT 
STORE INHIBIT 

RECALL WHEN 

ABOVE VgwrrcH 



SOFTWARE MODE SELECTION 



E 


W 


Ai3- Ao(hex) 


MODE 


I/O 


NOTES 


L 


H 


0E38 
31C7 
03E0 
3C1F 
303F 
OFCO 


Read SRAM 
Read SRAM 
Read SRAM 

Read SRAM 
Read SRAM 
Nonvolatile STORE 


Output data 
Output data 
Output data 

Output data 
Output data 
Output liighZ 


l.m 


L 


H 


0E38 

31 C7 
03E0 
3C1F 
303F 
0C63 


Read SRAM 

Read SRAM 
Read SRAM 
Read SRAM 
Read SRAM 
NonvolaliieHECAi-i. 


Output data 
Output data 
Output data 
Output data 
Output data 
Output t>igti Z 


l,ni 



Note I: The six consecutive addresses must be in order listed. W must be tiigli during all six consecutive cycles to enable a nonvDtaMe cycle. 
Note m: While there are IS addresses on the STK11 088, only the lower 14 are used to control software modes. 



SOFTWARE CYCLES #1 & #2" ° 



(Vcc = 5.0V+10%) 



NO. 


SYMBOLS 


PARAMETER 


STK11C88-25 


STK11C88-3S 


STK11C88-45 


UNtTS 


#1 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


26 


'avav 


STORBRECALL initiation cyde time 


25 




35 




45 




ns 


27 


tELQz"" 


End of Sequence to Outputs Inactive 




600 




600 




600 


ns 


28 


Iavel" 


Address Set-up Time 

















ns 


29 


Ieleh" 


Clocl< Pulse Width 


20 




25 




30 




ns 


30 




Address Hold Tims 


20 




20 




20 




ns 


31 


tRECMLL* 


Raeal Duntion 




20 




20 




20 


ps 



Note n: The software sequence is clocked with E controlled reads 

Note o: The six consecutive addresses must be in the order listed in the SOFTWARE MODE SELECTION Table - (OESe, 31 C7, 03E0, 3C1 F, 303F, 
OFCO) for a STORE cycle or (0E38, 31 C7, 03E0, 3C1 F, 303F, 0C63) for a RECALL cycle. W mint be high during all six consecutive cycles. 



SOFTWARE CYCLE: E CONTROLLED 



ADDRESS 




DQ(DataOut) 



23 



/t - 
'STORE/ 'recall 



27 



'ELQZ 
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DEVICE OPERATION 



The STK11C88 is a versatile memoty chip that pro- 
vides several modes of operation. The STK11C88 
can operate as a standard 32K x 8 SRAM. It has a 
32K X 8 EEPROM shadow to which the SRAM infor- 
mation can be copied or from which the SRAK^can 
be updated in nonvolatile mode. 

NOISE CONSIDERATIONS 

Note that the STK11C88 is a high speed memory 
and so must have a high frequency bypass capaci- 
tor of approximately 0.1 connected between DUT 
Vcc and V^s. using leads and traces that are as 
short as possible. As with all high speed CMOS ICs, 
nomial careful routing of power, ground and signals 
win help prevent noise probierns. 

SRAM READ 

The STK11C88 performs a READ cycle whenever E 
and G are low and W is high. The address specified 
on pins A0.14 determines which of the 32,768 data 
bytes will be accessed. When the READ is initiated 
by an address transition, the outputs will be valid 
after a delay ofJ^voyJ^EAD cycle #1). If the READ 
is initiated by E or G, the outputs will be valid at 
*ELQV or 3' ^GLOV' Whichever is later (READ CYCLE 
#2). The data outputs will repeatedly respond to 
address changes within the t^vov access time with- 
out the need for transitions on any control input pins, 
and will reniain valid untn arK^er address change or 
until E or G is brought high. 

SRAM WRITE 

A WRITE cycle is performed whenever E and W are 
low. The address inputs must be stable prior to 
entering the WRTTE cycle and must remain stable 
until either E or W goes high at the end of the cycle. 
The data on the common I/O pins DQ0.7 will be writ- 
ten into the meniory if it is valid t^vwH before the 
end ofa W controlted WRITE or t^vEH before the end 
of an E controlled WRITE. 

It is recommended that G be kept high during the 
entire WRITE cycle to avoid data bus contention on 
the common I/O lines. If G is left low, internal circuitry 
will turn off the output buffers twLoz ^ 9°^^ 'o^- 



SOFTWARE NONVOLATILE STORE 

The STK11C88 software STORE cycle is initiated by 
executing sequential READ cycles from six specific 
address locations. During the STORE cycle an erase 
of the previous nonvolatile data is first performed, 
followed by a program of the nonvolatile elements. 
The program operation copies the SRAM data into 
nonvolatile memory. Once a STORE cycle is initi- 
ated, further input and output are disabled until the 
cycle is completed. 

Because a sequence of reads from specific 
addresses is used for STORE initiation, it is impor- 
tant that no other READ or WRITE accesses inter- 
vene in the sequence or the sequence will be 
aborted and no STORE or RECALL will take place. 

To initiate the software STORE cycle, the loltswhig 

READ sequence must be performed: 



1 . Read address 0E38 (hex) 

2. Read address 31C7(hex) 

3. Read address 03E0 (hex) 

4. Read address 3C1F(hex) 

5. Read address 303F (hex) 



6. Read address 



OFCO(h«x) 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
Initiate STORE cyde 



The software sequence is ckxsked with E controlled 

reads. 

Once the sixth address in the sequence has been 
entered, the STORE cycle will commence and the 
chip will be disabled. It is important that READ cycles 
and not WRITE cycles be used in^ the sequence, 
although it is not necessary that G be low for the 
sequence to be valid. After the tsTORE cycle time 
has been fulfilled, the SRAM will again be activated 
for READ and WRITE operation. 

SOFTWARE NONVOLATILE RECALL 

A software RECALL cycle is initiated with a sequence 
of READ operations in a manner similar to the soft- 
ware STORE initiation. To initiate the RECALL cycle, 
the following sequence of READ operations must be 
performed: 



Read address 
Read address 
Read address 
Read address 
Read address 
Read address 



0E38 (hex) 
31C7 (hex) 
03E0 (hex) 
3C1F(hex) 
303F (hex) 
0C6l3(hex) 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
Initiate RECALL cyde 



5^ 



Internally, RECALL Is a two step p^^^edure. First, 
the SRAM data Is cleared and seconu, he nonvola- 
tile information is transferred into the SRAM cells. 
After the tp^cALL ^^y^^'^ the SRAM will once 
again be ready for READ and WRITE operations. 
The RECALL operation in no way alters the data in 
the EEPROM cells. The nonvolatile data can be 
recalled an unlimited number of times. 

POWER UP RECALL 

During power up, or after any low power condition 
(Vcc < Vreset) internal recall request will be 
latched. When Vcc °nce again exceeds the sense 
voltage of Vswitch> ^ RECALL cycle will automati- 
cally be initialed and will take tREsroRE ^ 
plate. 

HARDWARE PROTECT 

The STK11C88 offers hardware protection against 
hiailveitent store operation during low voltage 



conditions. When Vcc < ^switch a" Software 
STORE operations will be inhibited. 



LOW AVERAGE ACTIVE POWER 

The STK11C88 draws significantly less current 
when it is cycled at times longer than 30ns. Figure 
2, below, shows the relationship between Ice and 
READ cycle time. Worst case current consumption 
is shown for both CMOS and TTL input levels (com- 
mercial temperature range, Vcc = 5.5V, 100% duty 
cycle on chip enable). Figure 3 shows the same 
relationship for WRITE cycles. If the chip enable 
duty cycle is less than 100%, only standby current 
is drawn when the chip is disabled. The overall 
average current drawn by the STK11C88 depends 
on the following items: 1 ) CMOS vs. TTL input lev- 
els; 2) the duty cycle of chip enable; 3) the overall 
cycle rate for accesses; 4) the ratio of READ'S to 
WRiTE's; 5) the operating temperature; 6) the Vqq 
level and; 7) I/O loading. 




ORDERING INFORMATION 



STK11C88-W 25 1 



Temperature Range 

blank = Commercial (0 to 70 degrees C) 
I = Industrial (-40 to 85 degrees C) 



Access Time 

35 = 35ns 
45 = 45ns 



Package 

W = Plastic 28 pin 600 mil PDIP 



NOTES. 




SimTEK 



STK12C88 

32K xSAutoStore™ nvSRAM 
High Performance CMOS 
Nonvolatile Static RAM 



PRELIMINARY 



FEATURES 

• 25ns, 35ns and 45ns Access Times 

• Store to EEPROM Initiated by Hardware, Soft- 
ware or AutoStore™ on Power Down 

• Recail to SRAiM initiated by Hardware Reset, 
Software or Power Restore 

• "Hands-off" Store with 100|iF Capacitor 

• Low Power Sleep Mode: Ice < 10|xA 

• 25mA Ice at 200ns Cycle Time 

• Multiple Select and Enable Pins for Flexible 
Interface to Processors 

• Separate Strobe Input for Software Control 

• UnllmHed Recalls from EEPROM to SRAM 

• 100,000 Store Cycles to EEPROM 

• 10 Year Data Retention In EEPROM 

• Commercial and Industrial Temp. Ranges 

• 64 Pin PQFP and 40 Pin 600 mil PDiP Pacicages 



DESCRIPTION 



The Simtek STK12C88 is a fast static RAM with a 
nonvolatile, electrically-erasable PROM element 
incorporated in each static memory cell. The SRAM 
can be read and written an unlimited number of 
times, while independent, nonvolatile data resides in 
EEPROM. Data transfers from the SRAM to the 
EEPROM (the STORE operation) can take place 
automatically on power down using charge stored in 
an extemal capacitor. Transfers from the EEPROM 
to the SRAM (the RECALL operation) take place 
automatically on restoration of power. Initiation of 
STORE and RECALL cycles can also be controlled 
by separate input pins or by entering control 
sequences on the SRAM Inputs. Hardware reset 
and low power SLEEP mode functions are included. 



PACKAGE DIAGRAMS 



PIN NAMES 



NC C 1 O 
*. C » 
A, C ' 
A4 C « 

NC C « 
Z C • 

NC e: 7 

Vss C • 

NC C • 

C C "1 

NC C 11 

Aj C 12 

Aj C 13 

A, C i« 
Ao C IS 
NC C 1* 



64 
QFP 



<• ] A, 
" □ ». 
« 3 A„ 

«DS 

« ] fir 

« D NC 
« D NC 

" D 

40 D NO 
s» 3 A,o 
1. D s 
3T 2 SI 

3* D IT 

3S D E 
34 D NC 
33 D NC 



mr 



VCAP C 1 
W1 C 2 
A» C 3 
A„ C 4 
A, C S 

A. c e 

A( C 7 
Al C I 

z c > 

NC [ II 

? C 11 
A, C U 
Aj C 1! 
A, C V 
A, L 
NC L 
DO, C 
DO, C 
DQ, C 



15 



40 
600 mil 
PDIP 



.550" 



□ VCCX 

□ vf 

□ r 

□ H- 

:i A„ 

□ A. 

1 As 

J A„ 

□ a . 

□ R "S 

J s 

□ SI 
J E1 

□ E 

□ DO. 

J Da, 

2 OQ4 

3 00, 





Address Inputs 


DQo - DQ7 


Data ln/Ou[ 


E eT 


Chip Enables (Low) 


8,81 


Chip Selects (High) 


w. wT 


Write Enables 


G 




H 


Hardware Store 


R 


Hardware Reset 


B 


Store Busy 


C 


Software Clock 


z 


Sleep Mode Enable 


Vccx 


Power (+5V) 


VCAP 


Capacitor 


Vss 


Ground 
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BLOCK DIAGRAM 



A.,- 



-o-r 



cc 

UJ 
Q 

-CH 8 
111 

Q 

o 



-O- 

->4 



EEPROM ARRAY 
256 X 1024 



STATIC RAM 

ARRAY 
2SSX1Q24 




STORE/ 
RECALL 
CONTROL 



J L 




SOFTWARE 
DETECT 



-H 
-R 




VA,3 



vJd— W1 



POWER SUPPLY CONNECTION OPTIONS 



The STK12C88 can be powered in three modes. In 
the nonnal mode, 5V is supplied to Vccx and a 
100^F capacitor is connected to tlie Vcap terminal, 
as shown in Figure 1. This datasheet is written 
assuming that this configuration is used so power 
supply spedficaUons will refer to Vccx- An optional 
pull up resistor is shown connected to B. This is 
used to signal that the AutoStore"* cycle is in 
progress. 

Optionally, Vccx can be tied to ground and +5V 
applied to Vcm> (Rgure 2). This is the data protect 



modie Vn which the AutoSkm"* ftmcflon is dIsalMed. 

If the STK12C88 is operated in this configuration, 
references to Vqcx should be changed to Vqap 
ttuoughout ttiis data shpei 

In system power mode (Figure 3) both V^cx and 
^cAP are connected to the +5V power supply with- 
out the lOOnF capacitor. In this mode the 
AutoStore™ function of the STK12C88 will operate, 
hlowever, the user must guarantee that Vccx doss 
not drop t)elow 3.6V during the lOms store cycle. 




Rgure 1: AutoStore Mode 



Figure 2: Data Protect Mode 



Figure 3: System Power Mode 



5-12 



STK12C88 



MULTIPLE CONTROL INPUTS 



The STK12C88 provides dual control pins for each 
the primary SRAM control functions^hlp enable 
(E), chip select (S) and write enable (W). The sec- 
ondary input canies the suffix "V, e.g. E1. These 
multiple inputs are provided for ease of interface to 
various processors and control chips. They allow 
such functions as data and program access to the 
same STK12C88 chip and independent control of 
the nonvolatile software sequences. 

Either control pin from each pair may be used 
interchangeably. For the sake of brevity, this 
datasheet references only the non-suffix input per 
pair but all AC and DC specifications apply to botti. 

Logical AND and OFH cMp selection is possible using 



the chip select and chip enable input pairs. To select 
the chip, S or SI must be active HIGH and E or E1 
mu st be active LOW. The Boolean definition 
is (E»E1)*(S + S1). The SRAM write function is 
enabled when W or W1 is active low. 

An additional input, C, is provided for more flexible 
control of the software modes (see software mode 
selection tabje). The software sequence can_t}e 
clocked with E or S controlled reads assuming C is 
low, or clocked by C if the STK12C88 is already 
enabled. The Boole an def inition of the software 
clock function is C • (E • E1) • (S + SI). If the addi- 
tional control is not needed the C pin can be tied to 
OV. The software clock. C, has no effect on SRAM 
cycles. 



HARDWARE MODE SELECTION 



E 


s 


w 


G 


H 


z 


R 


MODE 


POWER 


NOTES 


H 


X 


X 


X 


H 


H 


H 


Not selected 


Standby 


a 


X 


L 


X 


X 


H 


H 


H 


Not selected 


Standliy 


a 


L 


H 


H 


L 


H 


H 


H 


Read RAM 


Active 




L 


H 


L 


X 


H 


H 


H 


Write RAM 


AdKie 


b 


X 


X 


X 


X 


L 


X 


X 


Nonvolatile STORE 


ICC2 


c,d 


X 


X 


X 


X 


X 


L 


H 


SLEEP mode 






X 


X 


X 


X 


X 


X 


L 


ttantava RESET/ RECMU. 


SOndby 





SOFTWARE MODE SELECTION 



E 


S 


C 


W 


R 


H 


Z 




MODE 


HO 


NOTES 


L 


H 


H 


H 


H 


H 


H 


X 


Read SRAM 
Software Disabled 


Output data 




L 


H 


L 


H 


H 


H 


H 


0E38 
3107 
03E0 
301 F 
303F 
OFCO 


Read SRAM 
Read SRAM 
Read SRAM 
Read SRAM 
Read SRAM 
Nonvolatile STORE 


Output data 
Output data 
Output data 
Output data 
Output data 
Output high Z 


e,< 


L 


H 


L 


H 


H 


H 


H 


0E3B 
3107 
03E0 
3C1F 
303F 
0063 


Read SRAM 
Read SRAM 
Read SRAM 
Reed SRAM 
Read SRAM 
NonvolotileREC/UJL 


Output data 
Output data 
Output data 
Output data 
Output data 
Output high Z 


e.f 



Note a: The Boolean expression of chip selection is (E • El) • (S + SI). 

Noteb: tesuming ttie chip is selecied, the Boolean eiqiresslon for vwite selection is (W*W1). 

Note c: H store operation occurs only if an SRAM write has been done since the last nonvolatile cycle. After the store (if any) completes the part will go 

into standby mode inhibiting all operations until H rises. 

Note d: R must be held high for tHLRL after H othenwise the storecycle may be aborted by Hie reset request. 

Note e: The six consecutive addresses must be in order listed. W must be high during aH six consecutive cycles to enable a nonvolalile cyde. 

Nolef: While there are IS addresses on the STK12C88, only the lownr 14 are used to oimlrolsollwaiB modes. 
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ABSOLUTE MAXIMUM RATINGS^ 

VoHage on Input relative to Vss -0.5V to (Vccx + 0-5V) 

Vbltage on OQb./>r B -O.SV to (Vccx + 0.5V) 

Tempeiature under bias -55°C to 125°C 

Storage tempeiature -65°C to 150°C 

Power dissipation 1 W 

DC output current (1 output at a time, 1s duration) 15mA 



Note g: Stresses greater than those listed under 'Absolute Maximum 

Ratings" may cause permanent damage to the device. This a 
stress rating only, and functional operation of the device at con- 
ditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rat- 
ing conditions for extended periods may affect reliability. 



DC CHARACTERISTICS (Vccx = 5.0V ± 1 0%) 



SYMBOL 


PARAMETER 


COMMERCIAL 


INDUSTRIAL 


UNrrs 


NOTES 


MIN 


MAX 


MIN 


MAX 


Ice," 


AvBcage Vccx Cunm 




155 
135 
115 




170 
150 
130 


111 


tAVAV = 2Sn8 

Iavav = 35ns 
Iauau ' 45ns 


Icca' 


Average Vccx Current During STORE 




6 




7 


mA 


All Inputs Don't Care 




AwOTO>V|xiit>inantatfjmm;MrfWns 




25 




25 


mA 


W2(V(-rx-0.2V) 

All others cycling, CMOS levels 


ICC4' 


Average Vcap Current During AutoSbf^ 

Cycle 




4 




4 


mA 


A)F)npi«(Don10M« 


ISB,' 


Average Vccx Current 

(Standby, Cycling TTt. Input Levels) 




40 

36 
33 




42 
38 
35 


mA 
mA 
mA 


Iavav = 25ns. 1 2 V|H 
Iavav = 35ns, E 2 V|h 
tAVAV-*5ns,E4V|H 


ISB2' 


Vccx Standby Currant 

(Standby, Slabia CMOS Input Levels) 




3 




3 


mA 


E a (V ccx- 0-2V) or S s 0.2V 

All olheia Vm S 0.2V or £ (Vccx - O-SV) 


Izz 


Vccx Current During Sleep Mode 




10 




10 


liA 


Z S 0.2V: R S (Vccx - 0.2V); all others 
Don1 Care. Typical current = 2(iA 


l|LK 


Input l-eakage Current 




±1 




±1 




Vccx = "lax 

V|N = Vss <o Vccx 


lOLK 


Off-State Output Lsokage Current 




±1 




±1 


ma 


Vccx-max 

V|N = Vss to Vccx. E or G i V|H or S S Vi 


V|H 


Input Logic "1" Voltage 


2.2 


Vccx + -5 


2.2 


Vccx +5 


V 


All inputs 


V|L 


Input Logic "0" Voltage 


Vss - 5 


8 


Vss -.5 


0.8 


V 


All inputs 


VOH 


Output Logic "1" Voltage 


2.4 




2.4 




V 


'out =-4mA 


Vol 


Output Logic "0" Voltage 




0.4 




0.4 


V 


IquT = 8mA 


Vbl 


Logic *0" Voltage on B Output 




0.4 




0.4 


V 


IqUT = ^f^A 


Ta 


Opsrattng Tanparatur* 





70 


-40 


B5 


°C 





Noleh: Ice, and Iccs are dependent on output loadirtg arxl cyda rate. The specified values are obtained with outputs unloaded. 
Note i: Ifc, and Icc^ are the average currents required for ttie duration of the respective STORE cycles (Istore ) - 
Note j: E or S £ Vn. vM not produce standby current levels untn any nonvolatile cyde in progress has flmed out. 



AC TEST CONDITIONS 



Input pulse levels 


OVtoSV 




s 5ns 


Input and output timing reference levels 


1.5V 


oidputload 





capacitance'^ (Ta = 25°C, f = 1 .OMHz) 



SYMBOL 


PARAMETER 


MAX 


UNITS 


CONDmONS 


C|N 


Input capacitance 


5 


pF 


AV = to 3V 


COUT 


Output capacitance 


7 


PF 


4V = 0to3V 



NolBk: These paiamalBiB are guaianMdbul'natlaelad. 



30pF 
. INCLUDING 
SCOPE 
ANDRXTURE 



Figure 4: AC Output Loading 
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SRAM READ CYCLES #1 & #2 



(Vccx = 5.0V±10%) 



NO. 


SYMBOLS 




PARAMETER 


STK12C88-25 


STK12Cee-35 


STK12C88-4S 


UNITS 


#1, #2 


Alt. 












iAX 


1 


'elqv 'shqv 


'ACS 


Chip Enable Access Time 




25 




35 




45 


ns 


2 


'avav' 


'rc 


Read Cycle Time 


25 




35 




45 




ns 


3 




Ua 


Address Access TVna 




25 




35 




45 


ns 


4 


•glqv 


tOE 


Output Enable to Data Vald 




10 




15 




20 


ns 


5 


tAXOx"" 


•oh 


Output Hold After Address Change 


3 




3 




3 




ns 


6 


'elqx. 'shqx 




Chip Enable to Output Active 


S 




5 




5 




ns 


7 


'EHQZ. ISIQZ" 


Ihz 


Chip Disable to Output Inactive 




10 




13 




15 


ns 


8 


tQLOX 


lOLZ 


Output Enable to Output Active 

















ns 


9 


Ighqz" 


'OHZ 


Output Disable to Output Inactive 




10 




13 




15 


ns 


10 


•eucch. 'shicch'' 


tPA 


Chip Enable to Power Active 

















ns 


11 


•ehiccl.'succJ''' 


tps 


Chip Disabte to Power Standby 




25 




35 




45 


ns 



Notel: W,H, Rand Z must be MghdUfftig 
Nolem: Device is continuously selectsd twit 
Noten: Measured ± 200mV from steady sU 



SRAM mad and write cydsB. 
Ii E and S lioth low and S high, 
ite output voltage 



SRAM READ CYCLE #1 (Address Controlled)'' 



ADDRESS 



DQ(DataOut) , 



'avov ■ 



1MTA10LP 



SRAM READ CYCLE #2 (E or 8 controlled)' 

I"" 'avav 



ADDRESS 

E 
S 



DCKDataOut) 



tec 



■ <ELO» tSHQV 



~*ELQX-taHOX 



■ taSst 



Iglqv ' 



tiiistsmiiiiiiiiiis^r 



10 

teUCO^ ISHCCH 



' tEMCClli^tslJOCL ' 



'eHOZ' tsLQZ ' 



DATAWUJO' 
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SRAM WRITE CYCLES #1 & #2 



(Vccx = 5.0V+10%) 



NO. 


SYMBOLS 




STK12C88-25 


STK12C88-35 


STK12C88-45 


UNITS 


#1 


*2 


AK. 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


UVAV 




'wc 


Write Cycle Time 


25 




35 




45 




ns 


13 


IWLWH 


tWLEH. 'WLSL 


'wp 


Write Pulse Width 


20 




25 




30 




ns 


14 


tELWH, tSHEH 


tELEH> <SHSL 


'cw 


Chip Enable to End of Write 


20 




25 




30 




ns 


15 


Idvwh 


•dveh. 'dvsl 


'dw 


Data Set-up to End of Writs 


10 




12 




15 




ns 


16 


'WHDX 


(ehox. >slox 


<DH 


Data Hold After End of Write 

















ns 


17 


UVWH 


•aveh. Uvsl 


'aw 


Address Sel-up to End of WHIe 


20 




25 




30 




ns 


18 


'avwl 


'aVEL' (avsh 


tAS 


Address Set-up to Start of Wtte 

















ns 


19 


'WHAX 


<ehax< <slax 


twn 


Address Hold Alter End ot WMM 

















ns 


20 






'wz 


Write Dnable to Output Disable 




10 




13 




15 


ns 


21 


'WHQX 




low 


Output Active After End of Write 


5 




5 




5 




ns 



Note o: If W is^low when either E goes low or S goes high, the outputs remain In ttie Mgh Impsdance i 
Note p: E or W must be 2 V|h or S must be < Vi^ during address transitions. 

SRAM WRITE CYCLE #1: W CONTROLLEDP- ' 



ADDRESS 



s 



-'aI»v- 



A V/////////////////////////P77Z 



"'avwh 



18 

"•avwl" 



DATA IN 



13 



"'wleh"'wi.si." 



"'WLQZ" 



PREVIOUS DATA 



IS 

"Idvwh" 



'WHAX 



"'WHDX 



HIGH iMPEDENCE 



SRAM WRITE CYCLE #2: E, S CONTROLLED^' ' 



ADDRESS 



^ 'aVEL' Uvsh ' 



DATA IN 
DATA OUT 



IS 

"•Dvef-iBwi." 



.-I 



y 



DMAWHJP 



HWHIMPglBllCE 
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HARDWARE STORE CYCLE (Vccx = 5.0V ± 1 0%) 



NO 


SYMBOLS 


FMIlMHIClKfl 


STK12C«8 


UNITS 


NOTES 


Standard 


Alternate 


MM 


MAX 


22 


'store 


'hlbz 


STORE Cycle Dufatlon 




10 


ms 


n. q 


23 


<OB>Y 




Time allowed to Complete SRAM Cycle 


1 




MS 


n, r 


24 


(recover 


(hhqx 


Hardware Store High to InhlM OH 




200 


ns 


q. s 


25 






Hardware Store Pulse Width 


20 




ns 




26 


•hlbl 




Hardware Store l-ow to Store Busy 




300 


ns 




27 


'hlrl 




Hardware Store Set-up to Reset 


300 




ns 




28 




Hardware Store Set-up to Sleep 


10 




ns 





Noleq: E and 6 low and S, R. Z and H high Ibr output behavior. 
Note r E and S iow and S, R, and Z high for output iMhavior. 
>4ates: t|Hoova<l*onlya|)ploablaaiMr%TaRE'ioonipleis. 



HARDWARE STORE CYCLE 



□QCDIIaOut)' 



'■rgcover' 



28 

Ihlzl ' 



■store 




I 
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AutoStore™ I POWER UP RECALL 



(Vccx = 5.0V±10%) 



NO. 


SYMBOLS 


RHUMETER 


STK12C88 


UNITS 


NOTES 


Standard 


Alternate 


MIN 


MAX 


29 


tRESTORE 




Power Up RECALL Duration 




550 


MS 


t 


30 


•store' 


tBLBZ 


STORE Cycle Duration 




10 


ms 


n. q, u 


31 


tvSBL 




Low Voltage Trigger (Vsv^ijch) to Busy Low 




300 


ns 


k 


32 




tSLQZ 


Time Alowed to Comptole SRAM Cyda 


1 




lis 


n. q 


33 


^SWITCH 




Low Voltage Trigger Level 


4.0 


4.5 


V 




34 


Preset 




Low Voltage Reset Level 




3.6 


V 





Note t: tgESTORE starts from the time V^c rises above Vsv^tch- _ 
Note u: B is asserted low for 1)is when discharging through vswrrcH- " ^ SFUM Write has not taken place since the last nonvolatile cyde, B will be 
relaased and no STORE itfR take ptaoe. 



AutoStore"** I POWER UP RECALL 



VswrrcH 



/(U/OS/OIB™ 



POWER UP RECALL 



W 



(restore 



htsTOREH 
- HlaHIMPB3ENCE 



32 

'delay 



"ur 



IS 



OQ (Data Out) 



x: 



POWER UP 
RgCAU. 



BROWN OUT 
NO STORE 
(NO SRAM WRITES) 



NO RECALL 
(Vcc DID NOT GO 
BELOW Vreset) 



BROWNOUT 

NO RECALL 
(Vcc DID NOT GO 

BELOW Vreset) 



BROWN OUT 

RECALL WHEN 
ABOVE VswrrCH 



STK12C88 



HARDWARE RESET/RECALL & SLEEP CYCLES 



(Vccx = 5.0V ± 10%) 



NO. 




RARAHETER 


STK12C88 


UNITS 


NOTES 


MIN 


MAX 


35 


'rlrh 


Reset Enable Pulse Width 


20 




ns 




36 


'hlhl 


Reset Enable Set-up Time 







ns 




37 


•rlqv 


Reset Cycle Duration 




550 


US 


q 


38 


>RHQV 


Reset Disable to Data Valid 




50 


ns 


q.y 


39 


>RLQZ 


Reset Enable to Output Inactive 




100 


ns 


n, w 


40 


'ZL2H 


Sleep Enable Pulse Width 


20 




ns 


V 


41 


'ZLQZ 


Sleep Enable to Output Inaclhi^. I ^ 




300 


ns 


n, X 


42 


'ZLHL 


Sleep Enable Set-up Time 


10 




ns 




43 


'ZHOV 


Sleep Disable High to Output Valid 




550 


US 


q 



Note v: Sleep current, l^^. on[y occurs while Z < 0.2V and R > (Vccx " OJW) aftert2ijaz- 

Note w; E and G low and S, Z and H high for output behavior. 

Note x: E and G low and S, R and H high for output behavior. 

Note y: tpHQV 's only applicable once Irlqv has been satisfied. 

HARDWARE RESET/RECALL CYCLE 



" 'rlbh ■ 



r" Irhqv 



'rlqz ■ 



OQ (Data Out) 
B 




HIGH IMPEDENCE 



SLEEP CYCLE 



tZLZH 



•zLHL 



>a.az 



0Q(0ctlaOut) 



-T 
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SOFTWARE CYCLES #1 & #2^^ 



(Vccx = 5.ov±io%) 



NO. 


SYMBOLS 


nUIAMEIER 


STK12Caa-25 


STK12C88-35 


STK12CaS-4S 


UNITS 


NOTES 


*1 


*2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


44 


UVAV 




STOHBRECAU Initiation Cycie Tims 


2S 




35 




45 




ns 


X 


45 


tcLQZ 


lELQZ'tGHQZ 


End at Saqusncs to Oulpiilt Inaolive 




600 




600 




600 


ns 




46 


•avcl 


UVEL. 'aVSH 


Address Sel-tip Twm 

















ns 


z 


47 


•CLCH 


Ieleh< >shsl 


Cloek Puiae Width 


20 




25 




30 




ns 


z 


48 


•CLAX 


tBAX-^HAX 


Address Hold Time 


15 




15 




15 




ns 


z 


49 


'recall 




Recall Duration 




20 




20 




20 


^s 





Note z: The software sequence Is cioci<ed with E or S controlled reads assuming C is low, or clocked by C if the STK1 2C88 is already in SRAM read 

mode. The Boolean definition of the software chick function is C • (E • E1) • (S + SI). 
Note aa: The six consecutive addresses must be in the order listed in the SOFTVtMRE MODE SELfCTION Table - (0E38, 31 C7, 03E0, 3C1F, 303F, 

ORX) kv a SrrORE cyde or (0E38, 31C7, 03E0. 3C1F, 303F. (X»3) for a RECMLL cycte. W im« ^ 

SOFHAfARE CYCLE #1 : C CONTROLLED*' ^® 



ADDRESS ?gS5S f 



'avav " 



46 

•avcl 



DCHDeMiOiiQ 



'tcLAX' 



'avav 

ADORESS46 



. 45 . 
■CLOZ 



HIGH IMPEDENCE 



SOFTWARE CYCLE #2: E OR S CONTROLLED"-^ 



' >AVAV ' 



ADDRESS mS&( iBBUmH 



- 'avel. - 
UVSH 



- 'eleh. . 
>SHSL 



*~»BJ«O^SHAX~* 



DQCMaOiA 



' ^S^e/ tREMLL ' 



- c aaMii>up ""T |- 



STK12C88 



DEVICE OPERATION 



The STK12C88 is a versatile memory chip that pro- 
vides several modes of operation. The STK12C88 
can operate as a standard 32K x 8 SRAM. It has a 
32K X 8 EEPROM shadow to which the SRAM infor- 
mation can be copied or from which the SRAM cells 
can be updated. It also offers systems features such 
as RESET, SLEEP and multiple chip control options. 
The mode is determined by either the state of the 
control pins or by execution of software sequences. 

NOISE CONStDERATIONS 

The STK12C88 is a high speed memory and so 
must have a high frequency bypass capacitor of 
approximately 0.1fiF connected betwerai DUT Vcap 
and Vgsi using leads and traces that are as short as 
possible. As with all high speed CMOS ICs, normal 
careful routing of power, ground and signalswill help 
prevent noise problems. 

SRAM READ 

The STK1 2C88 performs a^READ cycle whenever E 
and G are low and W, S, R, Z and H are high. The 
address specified on pins Ao.^4 detennines which of 
the 32,768 data bytes will be accessed. When the 
READ is inlflated 1^ an address transition, the out- 
puts will be valid after a delay of t/^vQvif ^^D CYCLE 
#1). If the READ Is Initiated by E, S or G, the outputs 
will be valid at teucN' tsHQV or 3t tQ^Qv^ whichever is 
later (READ CYCLE #2). The data outputs will repeat- 
edly respond to address changes within the t^vov 
access time without the need for transitions on any 
control input pins, and will remain valid until another 
address change or until E or G is brought high or S is 
kumight low. 

SRAM WRITE 

A WRITE cyclejs performed whenever E and W are 
low and S, R, Z and H are high. The address inputs 
must be stable prior to entering the write cycle and 
must remain stable until either E or W goes high or 
S goes low at the end of the cycle. The data on the 
common I/O pins DQ0.7 will be written into themem- 
ory if it is valid tDwvH before the end of a W con- 
trolled WRITE or tovEH or bvsL before the end of an 
E or S, respectively, controlled WRITE. 

It is recommended that G be kept high during the 
entire WRITE (^de to avoid data bus contention on 



common I/O lines. If G is left low, internal circuitry will 
turn off the output buffers t^tuaz ^ 9°^ 

SOFTWARE NONVOLATILE STORE 

The STK12C88 software STORE cycle is initiated by 
executing sequential READ cycles from six specific 
address locations. During the STORE cycle an erase 
of the previous nonvolatile data is first performed, 
followed by a program of the nonvolatile elements. 
The program operation copies the SRAM data into 
nonvolatile memory. Once a STORE cycle is initi- 
ated, further input and output are disabled until the 
cycle is completed. 

Because a sequence of reads from specific 
addresses is used for STORE initiation, it is impor- 
tant that no other READ or WRITE accesses inter- 
vene in the sequence, or the sequence will be 
aborted and no store or recall will take place. 

To inttisite the software store cycle, the following 
READ sequence must be performed: 



1 . Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Read address 



0E38 (hex) 
31 C7 (hex) 
03E0 (hex) 
3C1F(hex) 
303F (hex) 
OFCO (hex) 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
Initiate STORE cycle 



The software sequence can^be clocked with E or S 
controlled reads assuming C is low, or clocked by C 
if the STK12C88 is already enabled. The Boolean 
defin ition o f the software clock function is 
C«(E«E1)«(S + S1). 

Once the sixth address in the sequence has been 
entered, the STORE cycle will commence and the 
chip will be disabled. It is important that READ cycles 
and not WRITE cycles be used iji the sequence, 
although it is not necessary that G be low for the 
sequence to be valid. After the tsioRE cycte time 
lm& been fulfilled, the SRAM will again be activated 
for READ and WRITE operation. 

SOFTWARE NONVOLATILE RECALL 

A software RECALL cycle is initiated with a sequence 
of READ operations In a manner similar to the soft- 
ware STORE initiation. To initiate the RECALL cycle, 
the following sequence of READ operations must be 
performed with the software clock, C, low: 
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1. Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Read address 



0E38(hex) 
31C7 (hex) 
03E0 (hex) 
3C1F (hex) 
903F(tiex) 
0C63(hex) 



>AUidREAD 
Valid READ 
\^lld READ 
Valid READ 
VblldREAO 
Initiate f^AUi^ 



Internally, RECALL is a two step procedure. First, tiie 
SRAM data is cleared and second, tlie nonvolatile 
infonmation is transfened into ttie SRAM cells. After 

the tpECALL cycle time the SRAM will once again be 
ready for READ and WRITE operations. The RECALL 
operation in no way alters the data in the EEPROM 
cells. The nonvolatile data can be recalled an unlim- 
ited number Of tfmes. 

AutoStore™ OPERATION 

During normal c^ratton, the STK12C88 will draw 
current from Vqcx charge a capacitor connected 
to the VcAp pin. This stored charge will be used by 
the chip to perform a single STORE operation. After 
power up, when the voltage on the Vqap pin drops 
t)elow VswiTCH' the part will automatically discon- 
nect the VcAp pin from Vojat and initiate a STORE 
operation. 

Figure 1 (page 4-2) shows the proper connection of 
capacitors for automatic store operation. A charge 
storage capacitor having a capacity of at least lOO^f 
(± 20%) rated at 6V should be provided for the 
STK12C88. 

If an automatic STORE on power loss is not required 
then VcAP should be tied directly to the power sup- 
ply and Vqcx should be tied to ground as shown in 
figure 2 (page 4-2). In this mode, STORE operations 
may be triggered through software control or the H 
pin. In either event, V^ap must always have a proper 
bypass capacitor connected to it. 

In order to prevent unneeded STORE operations, 
automatic STORES^ as well as those initiated by 

externally driving H low will be ignored unless at 
least one write operation has taken place since the 
most recent STORE or RECALL cycle. Software initi- 
ated STORE cycles are perfonned regardless of 
whether a write operation has taken place. 

POWER UP RECALL 

During power up, or after any low power condition 
(^CAP < Vpeset) 3" intemal recall request will be 
latched. When V^ap once again exceeds the sense 



voltage of Vswitch. a recall cycle will automati- 
cally be initiated and will take tp^sTORE ^° complete. 

H AND B OPERATION 

The STK12C88 provides the H and B pins for con- 
trollinji and acknowledging the STORE operations. 
The H pin is used to request a hardware STORE 
cycle. When the H pin is driven low, the STK12C88 
will conditionally initiate a store operation after tQ^. 
lay: an actual STORE cycle will only begin If a WRITE 
to the SRAM took p\ace since the last STORE or 
RECALL cycle. The B pin is an open drain driver that 
is internally driven low to indicate a busy condition 
while the STORE (initiated by any means) is in 
progress. 

SRAM READ and_WRITE operations that are in 
progress when H is driven low_ or after an 
AutoStorB"* cycle is requested and B is pulled low, 

are given time to coniplete before the STORE opera- 
tion is initiated. After H goes low, the STK12C88 will 
continue SRAM operations for Idelay- During IdelaY' 
multiple SRAM READ operations may take place. If a 
WRITE is in progress when B is pulled low it will be 
allowed a time, toEUCf' to complete. However, any 
SRAM WRITE cydes requested after B transitions 
low will be inhibited. 

The l-l and B pins can be used to synchronize multi- 
ple STK12C88S while using a single larger capaci- 
tor. To operate in this mode the H and B pins should 
be connected together and to the H and B pins from 
the other STK12C88s^An external pull up resistor to 
+5V is needed since B is an open drain pull down. 
Do not connect this or any other pull-up to the V^ap 
pin. The Vcap pins from the other ST(<12C88 parts 
can t>e tied together and share a single capacitor 
The capacitor size must be scaled by the number of 
devices connected to it When any one of the 
STK12C88S detects a power loss and asserts B, the 
common H pin will cause all parts to request a 
STORE cycle (a STORE will take place In those 
STK12C88S that have been written since the last 
nonvolatile cycle). 

During any STORE operation, regardless of how it 
was_initiated, the STK12C88 will continue to drive 
the B pin low, releasing it only when the STORE Is 
complete. Upon completion of the STORE ofjeration 
the STK12C88 will remain disabled until the H pin is 
brought high. 
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HARDWARE RESET 

A hardware RESET cycle is performed when R is 
brought low, interrupting any cycle in progress with 
the exception of S^TORE cycles (assuming tHu^i. has 
been satisfied). R interfaces directly to tlie system 
reset. RESET, which includes an internally-gener- 
ated RECALL cycle, takes tpLQv to complete as long 
3S VcAp > ^SWITCH- " R is kept low after the RESET 
is completed all other pins will remain disabled and 
the current consumption will be Isb2- Bringing R high 
after the reset has finished (i.e. t > tp^Qv) enables 
tlie SRAM quickly, within only tpiHQv- 

Control clock priority is, from highest to low^t: R; Z; 
IH; SRAM control pins. For example, if the Z and H 
pins are asserted in unison the part will go to SLEEP 
rattier than STORE. 

HARDWARE PROTECT 

The STK12C88 offers hardware protection against 
inadvertent STORE operation during low voltage 
conditions. When Vcap < Vswitch 3" externally initi- 
ated STORE operations will be inhibited. 

AutoStore^** can be completely disabled by tying 
Vccx *o ground and applying +5V to Vqap as illus- 
trated in Figure 2. This is the data protect mode; 
STORES are only inHialed- by eKpiidt^ request using 
either the software sefiMenGe or the M pin. 



SLEEP MODE 

SLEEP mode is initiated by asserting Z low. Inter- 
nally all current loads, including the SRAM array are 
turned off, reducing current consumption to near 
zero. This will, of course, cause alt SfWM data to be 
lost. A STORE must be explicitly requested by the 
user t^LZL before asserting Z if the SRAM data is to 
be preserved. Note that AutoStore™ and all other 
operations with the exception of RESEJ are disabled 
when Z is low. On the rising edge of Z a POWER UP 
RECALL cycle is iniflated lasting t2HQv ^ I<>n9 ^s 
Vcap > ^switch- 

LOW AVERAGE ACTIVE POWER 

The STK12C88 will draw significantly less current 

when it is cycled at times longer than 30ns. Figure 5, 
below, shows the relationship between \qq and 
READ cycle time. Worst case current consumption is 
shown for both CMOS and TTL input levels (com- 
mercial temperature range, Vqc = 5.5V, 100% duty 
cycle on chip enable). Figure 6 shows the same 
relationship for WRITE cycles. If the chip enable duty 
cycle is less than 100%, only standby current \s 
drawn when the chip is disabled. 

The overall average current drawn by the 
STK12C88 depends on the following items: 1) 
CMOS vs. TTL input levels; 2) the duty cycle of chip 
enable; 3) the overall cycle rate for accesses; 4) the 
ratio of READ'S to WRITE's; 5) the operating temper- 
ature; 6) the Vccx '^vet and; 7) I/O loading. 
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ORDERING INFORMATION 



STK12C88 - O 35 I 



Temperature Range 

blank = Commercial (0 to 70 degrees C) 
, , I s|iiiehi^brial(-M to S5 degrees C) 



Access Time 

25 = 25ns 
35 = 35ns 
45 = 45ns 



Package 

Q = Plastic Quad Flat Pack 
W = Plastic 40-pin 600 mil PDIP 
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SiniTEK 



STK12C816 

16K X 16 AutoStore"^ nvSRAM 
High Performance CMOS 
Nonvolatile Static RAM 



FEATURES 

• 25ns, 35ns and 45ns Access TimM 

• 16 Bit Wide I/O Patli for DSP interface 

• Store to EEPROM Initiated by Hardware, Soft- 
ware or AutoStore™ on Power Down 

• Recoil to SRAIH initiated by Hardware Reaet, 
Software or Power Restore 

• "Hands-ofT Store with 100(iF Capacitor 

• Low Power Sloo p Mode: < lOfiA 

• 25mA ice at 200ns Cycle Time 

• IMuitipie Select and Enable Pins for Flmlble 
Interface to Processors 

• Separate Strobe Input for Software Control 

• Unlimited Recalls from EEPROM to SRAM 

• 100,000 Store Cycles to EEPROM 

• 10 Year Data Retention in EEPROM 

• Commercial and IndustrM Temp. Ranges 

• 64 Pin PQFP Paclcage 



DESCRIPTION 



PRELIMINARY 



The Simtek STK12C816 is a fast static RAM with a 
nonvolatile, electrically-erasable PROM element 
incorporated in each static memory cell. The SRAM 
can be read and written an unlimited number of 
times, while independent, nonvolatile data resides in 
EEPROM. Data transfers from the SRAM to the 
EEPROM (the STORE operation) can take place 
automatically on power down using charge stored in 
an external capacitor. Transfers from the EEPROM 
to the SRAM (the RECALL operation) take place 
automatically on restoration of power. Initiation of 
STORE and RECALL cycles can also be controlled 
by separate input pins or by entering control 
sequences on the SRAM inputs. Hardware reset 
and low power SLEEP mode functions are included. 
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PACKAGE DIAGRAM 



PIN NAMES 



NO C I O 
As C 2 
*«C> 
*4 C4 

NC C s 

Z C 6 
NC C ' 
Vss C e 
NC C • 
■5 C « 
NC t " 
As C 12 
A, C '3 
A, C u 
Ao C 15 
NC C 1 



< < z z 

,nnnnnnnnnnnnnnn 

^fi4 63fi2 6l 60US8S7S6SS54E3S2S1 SO 



64 
QFP 



. 17 18 IS 20 21 22 2, 24 25 26 27 28 29 30 31 

uuuuuuuuuuuuuuu 



n 

t □ , 

•7 □ , 

« 3 . 

«• □ i 

« □ i 

" D I 

« □ i 

«i □ ' 

•I 3 i 
m 1 1 

38 □ ; 

J7 D : 

36 □ i 

3S □ i 

34 □ I 

33 □ I 



.xar 

1<lin|i 



Ao - A,3 


Address Inpuls 


DQo-DQ,5 


Data In/Out 


EST 


Chip Enables (Low) 


S, 81 


Chip Selects (High) 


w. wT 


Write Enables 


G 


Output Enable 


D 


Upper Byte Select 


L 


Lower Byte Select 


n 


Hardware Store 


R 


Hardware Reset 


B 


store Busy 


5 


Software Ckwk 


z 


Sleep Mode Enable 


Vccx 


Powef (45V) 


VCAP 


Capacitor 


Vss 


Ground 
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BLOCK DIAGRAM 



As- 



->- 
-o- 

->- 
-{>- 
^>- 



V 



EEPROM ARRAY 
256 X 1024 



STORE 

/ 



STATIC RAM 

ARRAY 
2S6 X 1 024 



/ 

RECALL 



STORE/ 
RECALL 
CONTROL 



COLUMN I/O 



COLUMN DEC 



AAA 

1 2 



Aj A3 A^ A,g 



r 



J L 



POWER 
CONTROL 



SOFTWARE 
DETECT 



-R 




C 

1^ 
E1 
S 
81 



wi 



trit^ POWER SUPPLY CONNECTION OPTIONS 

The STK12C816 can be powered in three modes. In 
the normal mode, 5V is supplied to Vccx and a 
tOO^F eapasitor connected to the Vcap terminal, 
as shown In Figure 1. This datasheet is written 
assuming that this configuration is used so power 
supply specifications will refer to Vccx- An optional 
pull up resistor is shown connected to B. This is 
used to signal that ttie AutoStore™ cycle is in 
progress. 

Optionally, Vccx can be tied to ground and +5V 
applied to Vc*i> (Ffguf© 2). This is the data protect 



mode in which the AutoStore™ function is disabled. 
If the STK1 2C81 6 is operated in this configuration, 
references to Vq^x should be changed to V^Ap 

throughout this data sheet. 

In system power mode (Figure 3) both Vccx and 
Vcap are connected to the +5V power supply with- 
out the lOOnF capacitor. In this mode the 
AutoStore™ function of the STK12C816 will oper- 
ate. However, the user must guarantee that Vccx 
does not drop below 3.6V during the 10ms store 
c^e. 




Rgure 1: AutoStor^''Mode 



Rgure 2: Data Protect Mode 



Figure 3: System Power Mode 
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MULTIPLE CONTROL INPUTS 



The STK12C816 provides dual control pins for each 
(rf the primary SRAM control functions^hip enable 
(E), chip select (S) and write enable (W). The sec- 
ondary Input carries the suffix "1", e.g. E1. These 
multiple inputs are provided for ease of interface to 
various processors and control chips. They allow 
such functions as data and program access to the 
same STK12C816 chip and independent control of 
the nonvolatile softw/are sequences. 

Either control pin from each pair may be used 
interchangeably. For the sake of brevity, this 
datasheet references only the non-suffix input per 
pair but all AC and DC specifications apply to t>oth. 

Logical AND and OR aelecAion is possible using 



the chip select and chip enable input pairs. To select 
the chip, S or SI must be active HIGH and E or E1 
mu st be active LOW. The Boolean definition 
Is (E«E1)'(S + S1). The SRAM write function Is 
enabled when W or W1 is active low. 

An additional input, C, is provided for more flexible 
control of the software modes (see software mode 
selection tabje). The software sequence can_be 
clocked with E or S^ontrolled reads assuming C is 
low, or clocked by C if the STK12C816 is already 
enabled. The Boole an def inition of the software 
clock function is C • (E • El) • (S + S1). If the addi- 
tional control is not needed the C pin can be tied to 
OV. The software clock, C, has no effect on SRAM 
cycles. 



HARDWARE MODE SELECTION 



E 


s 


u 


L 


w 


G 


H 


z 


R 


MODE 


POWER 


NOTES 


H 


X 


X 


X 


X 


X 


H 


H 


H 


Not selected 


Standby 


a 


X 


L 


X 


X 


X 


X 


H 


H 


H 


Not selected 


Standby 


a 


L 


H 


L 


L 


H 


L 


H 


H 


H 


Read RAM (x1 6 word) 


Acth/a 




L 


H 


L 


L 


H 


L 


H 


H 


H 


Write RAM (xlBword) 


Active 


b 


L 


H 


L 


H 


MIL 


L 


H 


H 


H 


ReadAVrite Upper Byte 


Active 


b 


L 


L 


HJl 


X 


H 


H 


H 


Read/Write Lower Byte 


Active 


b 


X 


X 


X 


X 


X 


X 


L 


X 


X 


Nonvolatile STORE 


ICC2 


c.d 


X 


X 


X 


X 


X 


X 


X 


L 


H 


SLEEP mode 


'zz 




X 


X 


X 


X 


X 


X 


X 


X 


L 


Hardware RESET! RECMJ. 


standby 





SOFTWARE MODE SELECTION 



E 


S 


C 


W 


R 


H 


Z 


Au- Ao(h*x) 


MODE 


VO 


NOTES 


L 


H 


H 


H 


H 


H 


H 


X 


Raw! SRAM 
Software Disabled 


Output data 


















0E38 


Read SRAM 


Output data 


















31C7 


Read SRAM 


Output data 




L 


H 


L 


H 


H 


H 


H 


03E0 
3C1F 
303F 
OFCO 


Read SRAM 
Read SRAM 
Reed SRAM 
Nonvolatile STOf?E 


Output data 
Output data 
Output data 
Output high Z 


e 
















0E38 


Read SRAM 


Output data 


















31C7 


Read SRAM 


Output data 






H 




H 


H 




H 


03E0 


Read SRAM 


Output data 


a 


L 


L 


H 


3C1F 
303F 
0C63 


Read SRAM 
Read SRAM 
NonvolatlleRECAU. 


Output data 
Output data 
Output high Z 





Note a: The Boolean expression of chip selection is (E • El) • (S + S1). _ 
Note b: Assuming the chip is selected, the Boolean expression for v^rite selection is (W • W1). 

Note c: H store operation occurs only if an SRAM write has been done since the last nonvolatile cycle. After the store (if any) completes the part will go 

into standby mode inhibiting all operations until H rises. 
Note d: R must be held high for Ihlrl after H othenvise the storecycle may be aborted by the reset request. 
Nolee: The sta consecutive axklressesnnBt be in oidar listed. Winust be high during aH six conse^^ 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on input relative to Vss -0.5V to (Vccx + 

Voltage on DQ0.15 to (Vccx + 0.5V) 

Temperature under tiias -55°C to 125''C 

Storage temperature -65°C to 1 50°C 

Power dissipation 1 W 

DC output current (1 output at a time, 1s duration) IStnA 



Note f: Stresses greater than those listed under "AI}S0lute Maximum 
Ratings' may cause permanent damage to the device. This a 
stress nding only, and functional operaticn of the device at oon- 
dUions above thoM indicated in tfie operational sections of ttiis 
specilication is not impiad. E)4M«ure to abaokila maximum rat- 
ing conditions for extended periods may affect reliability. 



DC CHARACTERISTICS 



(Vccx = 5.0V ±10%) 



STMBOL 


PARAMCTcH 


COMMERCIAL 


INDUSTRIAL 


UNITS 


NOTES 


MIN 


MAX 


MIN 


MAX 




AwaQS Vqcx Cunent 




155 
135 
115 




170 
150 
130 


mA 
mA 
mA 


'AVAV «JHJ> 

'avav = 35ns 
Iavav = 45ns 


iccz" 


Average Vccx Current [}urlng STORE 




6 




7 


mA 


All inputs Don't Care 


•ocs" 


Avaiags Vccx Cunani at tmiw * ^^"^ 




25 




25 


mA 


W£(Vc(arO'2V) 

All olhacs cyokHi, CMOS lewBls 




Average Vqi^p Currant Dudng AuloSlon^ 

Cycle 




4 




4 


mA 


AltlvutelMn^Cars 


■•Bl 


Avsrsgo ^ccx CurrGnt 

{Standby, Cycling TTL Input Levels) 

L 




40 
36 
33 




42 
38 
35 


III 


tA\f«\f — 25ns E > Viu 
'avav = 35ns, E i V,H 
IaVAV = 45ns, E S V|H 




Vccx standby Current 

(Standby, Stable CMOS Input Levels) 




3 




3 


mA 


E 2 (Vccx- 0.2V) or SS 0.2V 

All others V|n s 0.2V or 2 (Vccx - 2V) 


In 


Vccx Current During Sleep Mode 




10 




10 


(lA 


Z £ 0.2V: R 2 (Vccx - 0.2V): all ottieis 
Doni Care. Typical currant > 2mA 


injc 


Input Lsalcaga Current 




±1 




±1 


HA 


Vccx -max 
ViN-VaaioVccx 


kUK 


OI>-SlaM Outputljaakags Cunanl 




±1 




±1 


mA 


Vccx-max 

VtN ■ Vss to VccX' E or G 2 Vh or S s V|. 


V|H 


Input Logic 'r Voltage 


2.2 


Vccx + -5 


2.2 


Vccx +5 


V 


All inputs 


Vn. 


Input Logic '0" Voltage 


Vss -.5 


0.8 


Vss -.5 


0.8 


V 


All inputs 


VCH 


Output Ijogic 1' VUage 


2.4 




2.4 




V 


Iquj 4niA 


Vol 


Output Logic irVoKage 




0.4 




0.4 


V 


louT = 8niA 


Vbl 


Logic VoKags on B Output 




0.4 




0.4 


V 


louT = 3n>A 


Ta 


OpacBUng Tsmpsnlum 





»> 


-40 


as 


"C 





Note g: Ice, and Icc3 are dependent on output loading and cycle rate. The specified values are obtained with outputs unloaded. 
Note h: Ijc, and Icc^ are the average currents required for tlie duration of the respective STORE cycles (Istore ) • 
Note i: E £ VfH or S £ V|l will not produce standby current levels until any nonvolatile cyde in progress has timed out. 



AC TEST CONDITIONS 



Input pulse levels OV to 3V 

Input rise and fall times < 5ns 

Input and output timing reference levels 1.5V 

Output loed See Figure 4 



CAPACITANCEi (Ta = 25°C, [f = 1 .OMMz) 



SYMBOL 


PARAMETER 


MAX 


UNrrs 


CONDmONS 


Cm 


Input capacitance 


5 


pF 


AV = to 3V 


Cour 


Output capacitance 


7 




AV to 3V 



are guaranteed but not tested. 



oapui >- 



SOpF 
. MCLUDWKI 
' SCOPE 

ANDRXTURE 



Rgurs 4: AC Oiilput Loading 



^mMB 
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SRAM READ CYCLES #1 & #2" 



(Vccx = 5.ov±io%) 



NO. 


SYMBOLS 


PARAMETER 


STK12CS16-2S 


STK12C816^ 


STK12C816-45 


UNITS 


*1,*2,«3 


Att. 


MIN 


IMX 


MIN 


MAX 


MIN 


MAX 


1 


'elqv 'shqv 


'acs 


Chip Enable Access Time 




25 




35 




45 


ns 


2 




'rc 


Read Cycle Time 


25 




35 




45 




ns 


3 


tAVQv' 


Iaa 


Address Access Time 




25 




35 




45 


ns 


4 


■OLOV 


•OE 


Output Enable to Data Valid 




10 




15 




20 


ns 


5 


tuLONttLLOV 


Ub 


Byleaaleci 10 data valid 




10 




15 




20 


ns 


6 


'axqx 


•oh 


Output Hold After Address Change 


3 




3 




3 




ns 


7 


'elqX' 'shqx 


kz 


Chip Enable to Output Active 


5 




5 




5 




ns 


8 




tHZ 


Chip Disable to Output Inactive 




10 




13 




15 


ns 


9 


tQLQX 


<012 


Output Enable to Output Active 

















ns 


10 


tGHOZ™ 


•OHZ 


Output Disable to Output Inactive 




10 




13 




15 


ns 


11 


'ULQX. 'aQX 


>BLZ 


Byte selecl to output active 

















ns 


12 


•UHQZ. •lHQz"' 


Ibhz 


Byte select to output inactive 




10 




15 




20 


ns 


13 


(eucch- Ishicch' 




Chip Enable to Power Active 

















ns 


14 


'ehiccl. 'succl'' ' 


tps 


Chip Disable to Power Standby 




25 




35 




45 


ns 



^Me k: W, H, R and Z must be high during SRAM read and write cycles. _ _ 

Note I: Device is continuously selected with E and G both low, at Isaat one of U or L low, and S high. 

Notsm: Measured ± 200mV from steady state output voltage 

Nolan: Oneorbolhof UorLmuarbelowferSRAMaocaes 

^lAM READ CYOLM #1 (Addre^ Contrdl^)'^ " , 





2 




• Iavav ■ 


5 


( 5 





DQ(DalaOut) . 



Iaxox 



•avqv ' 



PATAWUO 



SRAM READ CYCLE #2 (E or S controlled) 



k, n 



AOORESS 

E 
S 



IXKOataOut) 



Ice 



'avw - " 






■ 



' 'elq\a 'shqv ' 



" 'elqx. 'shqx 



9 

- lauw 



'glqv ■ 



* 'b^icch'^icch " 



' tB<ICCl!-%UCCL ' 



teHQZ>tsi.az ' 



-f - 
■Shciz 
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SRAM READ CYCLE #3 (U or L controlled) 



DQb.7 
L 

DQb.,s 

D 



'tELOVlSHOV ' 



'•elqx.'shqx 



" Iglqv ■ 



" 'glqx 



. It 

> ~ tuox' 



■EHQZ' tSLOZ 



10 

■•OHQZ' 



~ 'ULQV 



■UHQZ 



SRAM WRITE CYCLES #1, #2 & #3" 



(Vccx = 5.0V±10%) 



NO. 


SYMBOLS 


MRAMETER 


STK12C816-25 


STK12C816-35 


STK1 2081 6-45 


UNITS 


*1 


*2 


#30 


Alt. 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


15 


•avav 


•avav 


■avav 


'wc 


Write Cycle Time 


25 




35 




45 




ns 


16 


'WLWH 


lvn£H- 'WLSL 


'WLUH. <WLLH 


'wp 


Vl/rlte Pulse Width 


20 




30 




40 




ns 


17 


tELWH 


•eLEH. 'SHSt. 


'ULUH. 'lLLH 


tew 


Chip Enable to End of Write 


20 




30 




40 




ns 


18 


'dvwh 


'dveh. 'dvsl 


'dvuh. 'dvlh 


'dw 


Data Set-up to End of Write 


10 




13 




17 




ns 


19 


IWHOX 


<EHDX. tSLOX 


tUHOX. Ilhdx 


'dh 


Data Hold After End of Write 

















ns 


20 


Iavwh 


(aveh. Iavsl 


'avuh. 'avlh 


Iaw 


Address Set-up to End of Write 


20 




30 




40 




ns 


21 




'avel. 'avsh 


'avul. 'avll 


Ias 


Address Set-up to Start of Write 

















ns 


22 


'WHAX 


'ehax. 'slax 


>uhax> 'lhax 


'WH 


Address Hold After End of Write 

















ns 


23 








iwz 


Write Enable to Output Disable 




10 




16 




20 


ns 


24 


<WHQX 








Output Active After End of Write 


5 




5 




S 




ns 



Note o: If W w_low when either E goes low or S goes high, the outputs remain in the high impedance i 

Notep: E or Winuet be 2 V|H or S must l)e£V||. during address transitions. 

Noleq: Writa cyele«3 assumes that Dw chip is enabled, that Is, E is tow and Sis high 
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SRAM WRITE CYCLE #1: W CONTROLLEDP- ^ 



ADDRESS 



S 



DATA OUT 



"UVWH" 



"'wiBi'tWLSL" 



'wiaz 



PREVIOUS DATA 



\\\\\\\\\\\\\\\\\\\\\\\\\\\^ 



22 

''WHAX" 



"•WHDX 



HK3HIMPaiENCE 



SRAM WRITE CYCLE #2: E, S GONTROLLEDP- ^ 

15 

* 'aviw 



-tAVEH-UvSL- 



~twLEH-twL9L~ 



DATA IN 

EMTAOUT 



"'EHA)t%lAX * 



' tEHDx'tsiOX ■ 



QATAWUD 



SRAM WRITE CYCLE #3 U, L CONTROLLED^ 



OA1AlN(0-7) 



15 

" 'avav " 



DATA IN (8-1 S) 



'avll ■ 



•avlh 



17 

'lllh ' 



■dvlh ■ 



'lhax 



■ Ilhox " 



UVUL 



timjuH 



17 
'tuLUH 



IB 

■ 'dvuh ' 



'lumx 
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HARDWARE STORE CYCLE 



(Vccx = 5.0V±10%) 



NO. 


SYMBOLS 


MRAMEIER 


STK12C81S 


UNns 


NOTES 


Standard 


Altw 1 lata 


MM 


MAX 


25 


•store 


'hlbz 


STORE Cycle Duration 




10 


ms 


m. r 


26 


'delay 


'hlqz 


Time allowed to Complete SRAM Cycle 


1 




MS 


m. s 


27 


'recover 


■hhqx 


Hardware Store High to InhllM Off 




200 


ns 


r. t 


28 


'hlhh 




Hardware Store Pulse Width 


20 




ns 




29 


'hlbl 




Hardware Store Low to Store Busy 




300 


ns 




30 


'hlrl 




Hardware Store Set-up to Reset 


300 




ns 




31 


'hlzl 




Hardware Store Set-up to Sleep 


10 




na 





Note r: E and G low, at least one of U or L low and 8, R, Z and H high for output tiehavior. 
Noto s: E and Q kwv, at least one of U or L low and S, R, and^ jtMgh tor output Iwtiayior. 
f*Bll»t: tftEcovER is only applicable after tsTORE is convlsla. 



HAMIWAIIE STOUE CYCLE 



DO (Data Out) 
I 



30 
' iHUtL 



tsTORE 



'delay ■ 



' tHLSL ' 



eSSSSSSgSSgX data valid 



HKIHIMPEOENCE 
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AutoStore™ I POWER UP RECALL 



(Vccx = 5.0V±10%) 



NO. 


SYMBOLS 




STK12C816 


UNITS 


NOTES 


SIWKlard 


Altamata 


MIN 


MAX 


32 


IfESTORE 




Pomr Up RECALL Dufrtkm 




550 


US 


u 


33 


Istore' 


■blbz 


STORE Cyde Duratkw 




10 


ms 


n. r. V 


34 


tvSBL 




Low Vollage Trigger (Vswitch) Busy Low 




300 


ns 


i 


35 


•delay 


■bloz 


Time Allowed to Complete SRAM Cyet* 


1 




MS 


n. r 


36 


^SWITCH 




Low Voltage Trigger Level 


4.0 


4.5 


V 




37 


Vreset 




Low Voltage Reset Level 




3.6 


V 





Note u: tgESTORE starts from the time Vqc rises above Vswitch- _ 
Note v: B is asserted low fbrlps when discharging through VswncH- 1' art SRAM Write has not talten place since Hie last nonvolatile cycle, B will be 
released and no STORE will tEtto place. 



AutoStore"** I POWER UP RECALL 



36 

VatlHTCH-- 



Vreset 




POWER UP RECALL 



HIGHIMPEDEWCE 



'VSBL 



"i_r 



DO (Data Out) 



HIGH IMPEDENCe 



|*'tsra»E"*j 



HIGH IMPEDENCE 



Idbay 



POWER UP 



BROWN OUT 
NO STORE 
(NO SRAM WRITES) 



NO RECALL 
(VccDIDNOTGO 
BELOW Vreset) 



BROWN OUT 
AuloStorB™ 

NO RECALL 
(VccDIDNOTGO 
Ba.ow Vreset) 



BROWN OUT 

RECALL WHEN 
ABOVE VswnCH 
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HARDWARE RESET/RECALL & SLEEP CYCLES (Vccx = 5 OV ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


STK12C816 


UNITS 


NOTES 


MIN 


MAX 


38 




Reset Enable Pulse Width 


20 




ns 




39 


*RLHL 


Reset Enable Set-up Time 







ns 




40 


Irlov 


Reset Cycle Duration 




550 


lis 


r 


41 


'rhqv 


Reset Disable to Data Valid 




50 


ns 


r, z 


42 


tpua 


Reset Enable to Output Inactive 




100 


ns 


m, X 


43 


*3UH 


Stoap Enable Pube Wktti 


20 




ns 


w 


44 


•ZLQZ 


Sleep Enable to Output kiacHwe 




300 


ns 


m, y 


45 


'ZLHL 


Sleep Enable Set-up Tims 


10 




ns 




46 


tatov 


Sleep Disable High to Output VUd 




550 


|U 


r 



Note w: Sleep current, l^z, only occurs while Z < 0.2V and R sJVccx - 0.2V) after ta.Qz- 

Note x: E and G low, at least one of U or L low and S, Z and H high for output behavior. 

Note y: E and Q low, at least one of U or L low and S, R and H high for output behavior. 

fif^oz: tnHOvi'O'ilyapp'cablsoneetRLCivtat'wnsanrilwI. 



HARDWARE RESET/RECALL CYCLE 



■«RmH' 



^ r" WW* ' 



tRLOV 



'rlqz ■ 



DO (Data Out) 
B 



DATAWtJP 



HKHIMPE0EN6E 



SLEEP CYCLE 



43 

• tazH ■ 



~7/ 



tZLNL 



IZLQZ 



'ZHQV 



DQ (Pale Out) 



HIGH IMPEDENCE 



»d4 
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SOFTWARE CYCLES #1 & #2^ 



(Vccx = 5.0V±10%) 



NO. 


SYMBOLS 


rKHMm 1 En 


STK12C816-25 


STK12C816-3S 


STK12C816-45 


UNITS 


NOTES 


*1 


#2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


47 


UVAV 




STORBRECALL Iniliation Cycle Time 


25 




35 




45 




ns 


y 


48 


•CLQZ 


>ELC1Z> 'SHQZ 


End of Sequence to Ou|pHl>lnaelive 




600 




600 




600 


ns 


raa 


49 


'avcl 


•avel. 'avsh 


Address Set-up Time 

















ns 


aa 


SO 


'CLCH 


<ELEH' 'SHSL 


Ck)cfc Pulse Wktth 


20 




25 




30 




ns 


aa 


51 


'CLAX 


(EUWtSHMC 


Address Hold Time 


15 




15 




15 




ns 




52 


'recall 




Recall Duration 




20 




20 




20 


MS 





Note aa: The software sequence is clocked with E or S controlled reads assu mincj C is low, or clocked by C if the STK12C816 is already in SRAM read 

mode. The Boolean definition of the software dock functkxi is C • (E • El) • (S + S1). 
Note ab: The six consecutive addresses must be in the order listed in the SORVWVRE MODE SELECTION Table - (0E38, 31 C7, 03E0, 3C1 F, 303F, 

OFCO) for a STORE cycle or (0E38, 31 C7, 03E0, 3C1 F, 303F 0C63) for a RECALL cycle. W must be high during al e&c oomecuHve cycles. 



SOFTWARE CYCLE #1: C CONTROLLED'-^ 



ADDRESS ^ISSS& C 



' Iavav " 



■ 'avcl " 



s y//////// 



DQ(0ataOut) 



' tCLCH ' 



' 'avav ' 



'tsl^/tR^UJ. 




'CLQZ 

• y DATAVAUD 3 



HISHIMPEDENCE 



SOFTWARE CYCLE #2: E OR 8 CONTROLLED''^ 



'avel. - 
■avsh 



- 'eleh. . 



DQ(Oata Out) 



- CDAIAVMJ» - 



'avav " 



'elqz. 'shqz " 



-C DATAVAUD j 



HIGH JMPEDENCE 



mm 



STK12C816 



DEVICE OPERATION 



The STK12C816 is a versatile memory chip that 
provides several modes of operation. The 
STK12C816 can operate as a standard 16K x 16 
SRAM. It has a16K x 16 EEPROM shadow to which 
the SRAM information can be copied or from which 
the SRAM cells can be updated. It also offers sys- 
tems features such as RESET, SLEEP and multiple 
chip control options. The mode is determined by 
either the state of the control pins or by execution of 
software sequences. 

NOISE CONSIDERATIONS 

The STK12C816 Is a high speed memory and so 
must have a high frequency bypass capacitor of 
approximately 0.1 nF connected between DUT Vqap 
and Vssi using leads and traces that are as short as 
possible. As with all high speed CMOS ICs, normal 
careful routing of power, ground and signals will help 
prevent noise probteni^ 

SRAM READ 

The STK12C816 performs a READ c^cle whenever 
E ajid G are low, at least one of U or L Is low and W, 
S, R, Z and H are high. The address specified on 
pins Ao.13 determines which of the 16,384 data 
words will be accessed. When the READ Is Initiated 
by an address transition, the outputs will be valid 
after a delay oHavqv (READ CYCLE #1). If the READ 
is initiated by E, S or G, the outputs will be valid at 
*ELQW tsHQV or at tQLQv, whichever Js later (READ 
CYCLE #2). If the READ is initiated by U and/or L, the 
upper and/or low byte of the oU^word will be valid 
at tuLov (READ CYCLE #3). The data outputs will 
repeatedly respond to address changes within the 
Wqv access time without the need for transitions on 
any control input pins, and will remajn_valid_until 
another address change or until E, U/L or G is 
brought high or S is brougM low. 

SRAM WRITE 

A WRITE cycle is pejiormed whenever E^nd W are 
low, at least one of U or L is low and S, R, Z and H 
are high. The address inputs must be stable prior to 
entering the^WRJTE c^le and must remain stable 
until either E, U/L or W goes high or S goes low at 
the end of the cycle. The data on the common I/O 
pins DQo.i5 will be written intojhe memory if it is 
vaHd tovwH before the end of a W controlled WRITE 



or tovEH tovst'^'o'^ fbe end of an E or S, 
respectively, controlled WRITE. If U or L are used to 
control the WRITE cycle only the selected portion(s) 
of the 1 6 bit word will be wrttten. 

It is recommended that G be kept high during the 
entire WRITE cycle to^ avoid data bus contention on 
common I/O lines. If G is left low, internal circuitry will 
tum off the output buffers Iwlqz after W goes low. 

SOFTWARE NONVOLATILE STORE 

The STK12C816 software STORE cycle is initiated 
by executing sequential READ cycles from six spe- 
cific address locations. During the STORE cycle an 
erase of the previous nonvolatile data is first per- 
formed, followed by a program of the nonvolatile 
elements. The program operation copies the SRAM 
data into nonvolatile memory. Once a STORE cycle 
is initiated, further input and output are disabled until 
the cycle is completed. 

Because a sequence of reads from specific 
addresses Is used for STORE initiation, it is im()or- 
tant that no other READ or WRITE accesses inter- 
vene in the sequence, or the sequence will be 
aborted and no STORE or RECALL will take place. 

To Initiate the software store cycle, the following 
READ sequence must be perfomned: 



0E38 (hex) 
31C7 (hex) 
03E0 (hex) 
3C1F (hex) 
303F (hex) 
6. RMdadftoss OFOO'pmo 



1 . Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 



Valid READ 
Valid READ 
Valid READ 
Valid READ 
Valid READ 
Iniliata STORE cycto 



The software sequence can^be clocked with E or S 
controlled reads assuming C is low, or clocked by C 
if the STK12C816 is already enabled. The Boolean 
defin ition o f the software clock function is 
C»(E»E1)«(S + S1). 

Once the sixth address in the sequence has been 

entered, the STORE cycle will commence and tfie 
chip will be disabled. It is important that READ cycles 
and not WRITE cycles be used_in_the_sequence, 
although It Is not necessary that G, U or L be low for 
the sequence to be valid. After the tgjQf^^ cycle time 
has been fulfilled, the SRAM will again be activated 
for READ and write operation. 
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SOFTWARE NONVOLATILE RECALL 

A software RECALL cycle is initiated with a sequence 
of READ operations in a manner simnar to the soft- 
ware STORE initiation. To initiate the RECALL cycle, 
the following sequence of READ operations must be 
peifonned with tiie softwrare clo^ C, low: 



1. Read address 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Read address 



0E38 (hex) 
31 C7 (hex) 
03E0 (hex) 
3C1F(hex) 
303F(hex) 
0C63(hex) 



VblidREAD 
Valid READ 
Vblid READ 
VilUidREAD 
VieUidREAD 
Initiate RECALL cyde 



Intemally, recall is a two step procedure. Rrst, the 
SRAM data is cleared and second, the nonvolatile 
information is transferred into the SRAM cells. After 
the tpECALL cycle time the SRAM will once again be 
ready for READ and WRITE operations. The RECALL 
operation in no way alters the data in the EEPROM 
cells. The nonvolatile data can be recalled an unlim- 
ited number of times. 

AutoStore'** OPERATION 

During nonnal operation, the STK12C816 will draw 
current from V^cx *o charge a capacitor connected 
to the Vc;^p pin. This stored charge will be used by 
the chip to perform a single STORE operation. After 
power up, when the voltage on the V^ap P>n drops 
below VswiTCH' the part will automatically discon- 
nect the VcAp pin from Vqcx and initiate a STORE 
operation. 

Figure 1 (page 4-2) shows the proper connection of 

capacitors for automatic store operation. A charge 
storage capacitor having a capacity of at least 1 0O^f 
(± 20%) rated at 6V should be provided for the 
STK12C816. 

If an automatic STORE on power loss is not required 
then VcAp should be tied directly to the power sup- 
ply and Vqcx should be tied to ground as shown in 
figure 2 (page 4-2). In this mode, STORE operatioris 
may t>e triggered through software control or the H 
pin. In either event, Vq^p must always have a proper 
bypass capacitor connected to it. 

In order to prevent unneeded STORE operations, 
automatic STOREs_as well as those Initiated by 
externally driving H low will be ignored unless at 
least one WRITE operation has taken place since the 
most recent STORE or RECALL cycle. Software initi- 



ated STORE cycles are performed regardless of 
whether a WRITE operation has taken place. 

POWER UP RECALL 

During power up, or after any low power condition 
(^CAP < Preset) internal recall request will be 
latched. When Vcap once again exceeds the sense 
voltage of Vswitch> ^ RECALL c^te will automaH- 
cally be initiated and will take tf^esTORE to complete. 

H AND B OPERATION 

The STK12C816 provides the H and B pins for con- 
trolling and acknowledging the STORE operations. 
The H pin is us^d to request a hardware STORE 
cycle. When the H pin is driven low, the STK12C816 
will conditionally initiate a STORE operation after toE- 
i_ay: an actual STORE cycle will only begin if a WRITE 
to the SRAM took pace since the last STORE or 
RECALL cycle. The B pin is an open drain driver that 
is intemally driven low to indicate a busy condition 
while the STORE (inWaled by si^ npwis) is in 
progress. 

SRAM READ and_WRITE operations that are in 
progress when H is driven low_ or after an 
AutoStore™ cycle is requested and B is pulled low, 
are given time to compjete before the STORE opera- 
tion is initiated. After H goes low, the STK12C816 
will continue SRAM operations for toELAY- During Iqe. 
LAY. multiple SRAM READ operations may take place. 
If a WRITE is in progress when B is pulled low it will 
be allowed a time, Iqelay- tc complete. However, 
any SRAM WRITE cycles requested after B transi- 
tkMis low will t>e inhlbtted. 

The H and B pins can be used to synchronize multi- 
ple STK12C816S while using a single jarger capaci- 
tor To operate in this mode the H and B pins should 
be connected together and to the H and B pins from 
the other STK12C816s^An external pull up resistor 
to +5V is needed since B is an open drain pull down. 
Do not connect this or any other pull-up to the V^ap 
pin. The Vcap Pins from the other STK12C816 parts 
can be tied together and share a single capacitor. 
The capacitor size must be scaled by the number of 
devices connected to it. When any one of the 
STK12C816s_detects a power loss and asserts B, 
the common H pin will cause all parts to request a 
STORE cycle (a STORE will take place in those 
STK12C816S that have been written since the last 
nonvolatile cycle). 



STK12C816 



During any STORE operation, regardless of how it 

was_[nitiated, the STK12C816 will continue to drive 
the B pin low, releasing it only when the STORE is 
complete. Upon completion of the STORE operation 
the STK12C816 will remain disabled until the H pin 
is brought high. 

HARDWARE RESET 

A hardware RESET cycle is performed when R is 
brought low, interrupting any cycle in progress with 
the exception of ^TORE cycles (assuming tnLPL l^as 
been satisfied). R interfaces directly to the system 
reset. RESET, which includes an internally-gener- 
ated RECALL cycle, takes tp^Qv to complete as long 
as VcAp > VswrrcH- " ^ *^ ^^9^ 'ow after the RESET 
is compteted all other pins will remain disabled and 
the current consumption will be Isq^- Bringing R high 
after the RESET has finished (i.e. t > tp^Qv) enables 
the SRAM quickly, within only tRHov 

Control clock priority is, from highest to lowest: R; 
H; SRAM control pins. For example, if the Z and H 
pins are asserted in unison ftte part wiit go to SLEEP 
rather than STORE. 

HARDWARE PROTECT 

The STK12C816 offers hardware protection against 
inadvertent STORE operation during low voltage 
conditions. When Vqap < VswrrcH ^' externally initi- 
ated STORE operations will be inhibited. 

AutoStore^ can be completely disabled by tying 
Vccx to ground and applying +5V to Vqap ^ illus- 
trated in Figure 2. This is the data protect mode; 



STORES are only initiated by explicU^ request using 
either the software sequence or the H pin. 

SLEEP MODE 

SLEEP mode is initiated by asserting Z low. Inter- 
nally all current loads, including the SRAM array are 
turned off, reducing current consumption to near 
zero. This will, of course, cause all SRAM data to be 
lost. A STORE must be ex|}jicitly requested by the 
user tni7i before asserting Z if the SRAM data is to 
be presented. Note that AutoStore"* and all other 
operatjons with the exception of RESET are disabled 
when Z is low. On the rising edge of Z a POWER UP 
RECALL cyde is initiated lasting tjHQv ^ l°i^ bs 

VcAP > ^SWITCH- 

LOW AVERAGE ACTIVE POWER 

The STK12C816 will draw significantly less cunrent 
when it is cycled at times longer than 30ns. Figure 5, 
below, shows the relationship between Iqc and 
READ cycle time. Worst case current consumption is 
shown for both CMOS and TTL input levels (com- 
mercial temperature range, Vqc = 5.5V, 100% duty 
cycle on chip enable). Figure 6 shows the same 
relationship for WRITE cycles. If the chip enable duty 
cycle is less than 100%, only standby current is 
drawn when the chip is disabled. 

The overall average current drawn by the 
STK12C816 depends on the following Hems: 1) 
CMOS vs. TTL input levels; 2) the duty cycle of chip 
enable; 3) the overall cycle rate for accesses; 4) the 
ratio of read's to WRiTE's; 5) the operating temper- 
ature; 6) the Vccx level and; 7) I/O loading. 
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ORDERING INFORMATION 



STK120816 



STK12C816 - Q 35 I 



Temperature Range 

blank = Commercial (0 to 70 degrees C) 
I = Industrial (-40 to 85 degrees C) 



Access Time 

25 = 25n8 

35 = 35ns 
45 = 45ns 



5 



Package 

Q = Plastic Quad Flat Pack 



5-39 



NOTES. 




SimTEK 



STK15C88 

32K X S AutoStore^^ nvSRAM 
High Performance CMOS 
Nonvolatile Static RAM 



FEATURES 

• 25ns, 35ns and 45ns Access Times 

• Store to EEPROM Initiated by Software or 
AutoStore"* on Power Down 

• Recall to SRAM Initiated by Software or Power 
Restore 

• 25mA Ice at 200ns Cycle Time 

• Unlimiled Recalls from EEPROM to SRMM 

• 100^ Store Cycles to EEPROM 

• 10 Year Data Retention in EEPROM 

■ Commercial and Industrial Temp. Ranges 

• 28 Pin 600 mU PDiP pacicage 



DESCRIPTION 



PRELIMINARY 



The Simtek STK15C88 is a fast static RAM with a 
nonvolatile, electrically-erasable PROM element 
incorporated in each static memory cell. The SRAM 
can be read and written an unlimited number of 
times, while independent, nonvolatile data resides in 
EEPROM. Data transfers from the SRAM to the 
EEPROM (the STORE operation) can take place 
automatically on power down using charge stored in 
system capacitance. Transfers from the EEPROM to 
the SRAM (the RECALL operation) take place auto- 
matically on restoration of power. Initiation of 
STORE and RECALL cycles can also be controlled 
by entering conboi sequences on the SRAM Inputs. 



BLOCK DIAGRAM 



PIN CONHGURATIONS 



^- 
^- 
^- 



-i>-r 
-i>- 

-O- o \ 



V 





EEPROM ARRAY 
256 X 1024 


STATIC RAM 
ARRAY 
256 X 1024 


/ 

STORE 

/ 

/ 

RECALL 
/ 





STORE/ 
RECALL 
CONTROL 



i 



POWER 
CONTROL 



SOFTWARE 
DETECT 





PIN NAMES 



Ao- Al4 


Address Inputs 


W 


Writs Enable 


DQq - DQ7 


Data In/Out 


E 


Chip Enable 


G 


Output Enable 


Vco 


PotwrC-fSV) 


Vss 


Ground 
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ABSOLUTE MAXIMUM RATINGS" 

Voltage on input relative to Vss -0.6V to (V^c + 0.5V) 

Voltage on DQ0.7 -0.5V to (Vcc + 0.5V) 

Temperature under bias -55°C to 125°C 

Storage tempeiatuFS -65°C to 150°C 

Power dissipation 1 W 

DC output current 15mA 



Note a: Stresses greater than those listed under "Atisolute Max- 
mum Ratings" may cause permanent damage to the 
device. This a stress rating only, and functional operation 
of the device at conditions above those indicated in tfie 
operationai sections of this qwcification is not implied. 
Exposure to absolute maximum rating conditions for 
«ctended periods may affect reRability. 



DC CHARACTERISTICS (Vcc = 5.0V ± 1 0%) 



SVIMBOL 


PARAMETER 


COMMERCIAL 


INDUSTRIAL 


UNrrs 


NOTES 


MIN 


MAX 


MIN 


MAX 


"cc," 


Average Currant 




150 
130 
110 




165 
145 
125 


mA 
mA 
mA 


'avav = 2Sns 
UVAV = 35ns 
WAV "» 


'002 


AvBiBQe CunanI Duitno STORE 




g 






mA 


All Inputs Oonl Cm 


'003 


Average VCC Current at tM^v * 200na 




25 




25 


mA 


W & ft/ r^— 0.2V1 

All others cycling, CMOS levels 




Average Current During AutoStore"* 
Cycle 




4 




4 


mA 


All Inputs Don't Care 


'SBi 


Average Current 

(Standtiy, Cycling TTL Input Lswals) 




37 
33 
30 




39 
35 
32 


3 3 3 
> > > 


WAV = 25ns.E2V|H 
lAVAV = 35ns, EaViH 
'AVAV = <Sns,EaVH 




Standby Current 

(Standby, Stable CMOS Input Levels) 




3 




3 


mA 


E2(Vco-0.2V) 

All others Vm £ 0.2V or 2 (Vcc - 0.2V) 


l|LK 


Input Leakage Current 




±1 




±1 


|iA 


Vcc = max 

V|N = VssloVco 


Iqlk 


Off-State Output Leal<age Current 




±1 




±1 


HA 


Vcc = "lax 

V|N = Vss to Vce. ior§a V^ 


V|H 


Input Logic "1" Voltage 


2.2 


Vcc +.5 


2.2 


Vcc + 5 


V 


All inputs 


V|L 


Input Logic "0" Voltage 


Vss - 5 


0.8 


Vss -5 


0.8 


V 


All inputs 


VoH 


Output Logic "1" Voltage 


2.4 




2.4 




V 




Vol 


Output Logic "0" Voltage 




0.4 




0.4 


V 


'out = 8mA 


Ta 


Operatirtg Temperature 





70 


.40 


85 


°c 





Note b: Icc^ and Iccs are dependent on output loading and cycle rata. The specified values are obtained with outputs unloaded. 
Note c: jfc, and Ice. are the average currents requited for the duration of ttie respective STORE cycles (Istore) - 
Noted: E^H<"illi^P'°du<^*l<utdbycunBitt levels uiitil any nonvoloHle cycle in progress has timed 



ACTESTCONDmONS 



input pulse levels 


0Vto3V 


input rise and faS times 


s 5ns 




1.5V 


Output load 


See Rgure 1 



CAPACITANCE^ (T^ = 25°C, f = 1 .OMHz) 



SYMBOL 


PARAMETER 


MAX 


UMTS 


CONDITIONS 




Input capacitance 


5 


PF 


AV = to 3V 


CquT 


Output capacitance 


7 


PF 


AV = 0to3V 



Note e: These parameters are guaranteed but not tested. 



OtItlXIt >- 



3QpF 
. »iCLUDINQ 
SCOPE 
ANOFOOURE 



Figure 1: AC Output Loading 
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SRAM READ CYCLES #1 & #2 



STK15C88 



(Vcc = 5.0V±10%) 





SYMBOLS 


PARAMETEH 


STK15Ca8-25 


STK15C8a-35 


STK1 5088-45 


UNITS 


NO. 


#1, #2 


Alt. 


MIN 


MAX 


MIN 


IWAX 


MIN 


MAX 


1 




^ACS 


Chip Enable Access Time 




25 




35 




45 


ns 


2 






Read Cycle Time 


25 




35 




45 




ns 


3 


Uvov' 


tAA 


Address Access Time 




25 




35 




45 


ns 


4 


tGLQV 


toE 


Output EnsMe to Data Valid 




10 




15 




20 


ns 


5 


'axqx' 


•oh 


Output Moid After Address Change 


3 




3 




3 




ns 


6 


'elqx 


tLZ 


Chip Enal}le to Output Active 


5 




5 




S 




ns 


7 


tEHQz'' 


(HZ 


Chip Disalile to Output Iradlve 




10 




13 




15 


ns 


8 


■glqx 


tOLZ 


Output Enable to Output Active 

















ns 


9 


'ghqz*' 


lOHZ 


Output Disable to Output Inactive 




10 




13 




15 


ns 


10 


'elicch° 


IPA 


Chip Eable to Power Active 

















ns 


11 


'ehiccl'' " 


'ps 


Chip Disable to Power Standby 




25 




35 




45 


ns 



Neto t W must be high durtng^SRAM 
Nolag: I/O state assumes E, G, s Vn. 
Nelah: MeaMiiBd±200mV«roni 



readcydes and low during SRAM twite cycles, 
and W 2 V|h: device is continuously ssledsd 
stale output votage 



SRAM READ CYCLE #1 (Address Controlledy' 9 



ADDRESS 



00(DataOut) , 



■ Uvov ■ 




SRAM READ CYCLE #2 (E Controlled)' 



ADDRESS y 
E 



IX)(Oata Out) 



>ELOV 



' tacK 



■•glqv 



11 

tEHICCL 



■'ehqz" 



%ICCH 



Acm» 
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SRAM WRITE CYCLES #1 & #2 



(Voc = 5.0V±10%) 



NO. 


SYMBOLS 




STK15C88-25 


STX15C88-35 


STK15C8»-45 


UNTTS 


*1 


#2 


Alt. 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


12 


'avav 


'avav 


'wc 


Write Cycle Time 


25 




35 




45 




ns 


13 


'WLWH 


'VW-EH 


'WP 


Write Pulse Width 


20 




25 




30 




ns 


14 


*ELWH 


<ELEH 


•cw 


Chip Enable to End of Write 


20 




25 




X 




ns 


15 


■OVWH 


toVEH 


•dw 


Data Set-up to End o( WMto 


10 




12 




15 




ns 


16 


•WHDX 


■ehox 


'dh 


Data Hold After End d Wns 

















ns 


17 


'avwh 


'aveh 


•aw 


Address Set-up to End of Write 


20 




25 




30 




ns 


18 


'avwl 


'avel 


'as 


Address Set-up to Start of Write 

















ns 


19 


'WHAX 


'ehax 


'WB 


Address HoM After End oi Wne 

















ns 


20 






'wz 


Write Enable to Output Disable 




10 




13 




15 


ns 


21 


twHQX 




'ow 


Output Active After End of Write 


5 




5 




5 




ns 



Note i: tf W is^low when E goes low the outputs remain in the Ngh fmpedttricd state. 
Note j: E or W must be ^ V|h during address transitions. 

SRAM WRITE CYCLE #1: W CONTROLLEOi 



ADDRESS 



'whax 



"•avwl" 



DATA IN 



DATA OUT 



-'WLWH- 



"•WLQZ 



PHEVIOUS DATA 



"«dI5iih" 



BiilAWUD 



16 
•WHOX 



HiaH IMPB3BICE 



"Vmox" 



SRAM WRITE CYCLE #2: E CONTROLLED) 

12 

'avav — 



ADDRESS 



<Ava 



•eleh 



w 



•VM.B4 



DATA IN 

DATA OUT 



•ehax 







16 


* lOVEH ■ 


•anK 




t QATAVMJO 



HIGH IMPEDENCE 
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AutoStore™ I POWER-UP RECALL (Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


STK15C88 


UNITS 


NOTES 


Standard 


MIN 


MAX 


22 


<RESTOnE 


Power Up RECALL Duradsn 




550 


(iS 


k 


23 


'store 


STORE Cycle Duration 




10 


ms 


9 


24 




Time allowed to Complete SRAM Cycle 


1 




lis 


g 


25 


^SWITCH 


Low Voltage Trigger Level 


4.0 


4.5 


V 




26 


Vreset 


Low Voltage Reset Level 




3.6 


V 





AutoStoni^ I POWER UP RECALL 




f^mmm' bhovwiout 

RECAU. NO STORE DUE TO 
NO SRAM WRITES 



NO RECALL 
(Vcc DID NOT GO 
BELOWVreset) 



PROyVNOi/t 
Auuistom™ 



NO RECALL 
(Vcc DID NOT GO 
BELOWVreset) 



BIKfWNOUr 
AutoStore™ 

RECAU WHEN 
ABOVE VswncH 
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SOFTWARE MODE SELECTION 



E 


W 


Ai3 - A(, (hex) 


MODE 


I/O 


NOTES 


L 


H 


0E3e 
31C7 
03E0 
3C1F 
303F 
OPCO 


Read SRAM 
neao OMAM 
Read SRAM 
Read SRAM 
Read SRAM 
Nonvdalile STORE 


Output data 
Output data 
Output data 
Output data 
Output data 
Output lilghZ 


l,ni 


L 


H 


0E38 
31C7 
03E0 
3C1F 
303F 
0C63 


Read SRAM 
Read SRAM 
Read SRAM 
Read SRAM 
Read SRAM 
NonvolatllsREOUX 


Output dale 
Output data 
Output data 

Output data 
Output data 
Output higti Z 


l,m 



NolBl: TIiBaixcannculimaddiassesima<beiniMd8rMad.Wniu8tbaNghdurirvalAean^ 

Natom: WNte than mm 15 mJ i iMU i on aw STKISCaa. only )h> Inmr 14 en usad to conlrol adtim modes. 



SOFTWARE CYCLES #1 & #2"-° (Vcc = 5.0V ± 1 0%) 



NO. 


SYMBOLS 


PARAMETER 


STK1SCa«-2S 


STK15CSM5 


STKISCaS.45 


UNITS 


•1 


MIN 


MAX 


MIN 


MAX 




MAX 


27 


UVAV 


STORBRECALL initiation cyde time 


25 




as 




45 




ns 


28 


'ELOZ"" 


End of Sequence to Outputs Inactive 




600 




600 




600 


ns 


29 


Uva" 


Address Set-up Ttae 

















ns 


30 


Ieleh" 


Clock Pulse Width 


20 




25 




30 




ns 


31 




Address Hold Tme 


20 




20 




20 




ns 


32 


■recall 


rteeell Duration 




20 




20 




20 


MS 



Note n: The software sequence Is clocked with E controlled reads. 

Note o: The six consecutive addresses must be in the order listed m the SORVWRE MODE SELECTION Tal>le - (0E38, 31C7, 03B0, 3C1 F, 303F, 
OFCO) tor a STORE or (OEaS, 31C7. OSEa 3C1 F, 303F, 0C63) (or a RECAiX cygle. W must lia high during all abecamm»» cyetas. 



SOFTWARE CYCLE: E CONTROLLED 



DCHDataOi^ 
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STK15C88 



DEVICE OPERATION 



The STK15C88 is a versatile memory chip that pro- 
vides several modes of operation. The STK15C88 
can operate as a standard 32K x 8 SRAM. It has a 
32K X 8 EEPROM shadow to which the SRAM infor- 
mation can be copied, or from which the SRAM can 
be updated in nonvolatile mode. 

NOISE CONSIDERATIONS 

Note that the STK15C88 is a high speed memory 
and so must have a high frequency bypass capaci- 
tor of approximately 0.1 nF connected between DUT 
Vcc and Vss, using leads and traces that are as short 
as possible. As with all high speed CMOS ICs, nor- 
mal careful routing of power, ground and signals will 
help prevent noise problems. 

SRAM READ 

The STK15C88 perfonns a READ cycle whenever E 
and G are low and W is high. The address specified 
on pins A6.14 determines which of the 32,768 data 
bytes will be accessed. When the READ is initiated 
by an address transition, the outputs will be valid 
after a dela^of t^vov (READ CYCLE #1 ). If the READ is 
initiated by E or G, the outputs will be valid at tEtov or 
at toLovi whichever is later (READ CYCLE #2). The 
data outputs will repeatedly respond to address 
changes within the tAvov access time without the 
need for transitions on any control input pins, and will 
reiTiain valid until another address change or unGI E 
or G is brought high. 

SRAM WRITE 

A WRITE cycle is performed whenever E and W are 
low. The address inputs must be stable prior to 
entering the WRjJE cycle and must remain stable 
until either E or W goes high at the end of the cycle. 
The data on the common I/O pins DQ0.7 will be writ- 
ten into the memory if it is valid t^mnH before the end 
of a W controlled WRITE or tovei before the end of an 
E controlled WRITE. 

It is recommended that G be kept high during the 
entire WRITE cycle to avoid data bus contention on 
the common I/O lines. If G is left low, internal circuitry 
wHI turn off the output buffers twLoz after W goes low. 



SOFTWARE NONVOLATILE STORE 

The STK15C88 software STORE cycle is initiated by 
executing sequential READ cycles from six specific 
address locations. During the STORE cycle an erase 
of the previous nonvolatile data is first performed, 
followed by a program of the nonvolatile elements. 
The program operation copies the SRAM data into 
nonvolatile memory. Once a STORE cycle is initi- 
ated, further input and output are disabled until the 
cycle is completed. 

Because a sequence of reads from specific 
addresses is used for STORE initiation, it is impor- 
tant that no other READ or WRITE accesses inter- 
vene in the sequence or the sequence will be 
aborted and no STORE or RECALL will take place. 

To initiate the software STORE cycle, the following 
READ sequence must be performed: 



1. Read addmss 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Read address 



0E38(hex) 
3lC7(hex) 
03E0 (hex) 
3C1F(hex) 
303F(hex) 
OFCO (hex) 



Vm READ 
Valid READ 
Valid READ 
>felidREAD 
Valid READ 
Initiate STORE cycie 



The software sequence is clociced with E controlled 
reads. 

Once the sixth address in the sequence has been 
entered, the STORE cycle will commence and the 
chip will be disabled. It is important that READ cycles 

and not WRITE cycles be used iri^ the sequence, 
although it is not necessary that G be low for the 
sequence to be valid. After the tSTORE cycle time has 
been fulfilled, the SRAM will again be activated for 
READ and WRITE operation. 

SOFTWARE NONVOLATILE RECALL 

A software RECALL cycie is initiated with a sequence 
of READ operations in a manner similar to the soft- 
ware STORE initiation. To initiate tfie RECALL cycle, 
the following sequence of READ operations must be 

perfomned: 



1. Readaddr^ 

2. Read address 

3. Read address 

4. Read address 

5. Read address 

6. Read address 



0E3B (hex) 
31C7(hex) 
03E0(hex) 
3C1F (hex) 
303F(hex) 
0C63(hex) 



Valid READ 
VUidREAO 
valid READ 
N^READ 
Valid READ 
Initiate RECALL cyde 
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STK15C88 



Internally, RECALL is a two step procedure. First, 
the SRAM data is cleared and second, the nonvola- 
tile infomriation is transferred Into the SRAM cells. 
After the tRECAu. cycle time the SRAM wiil once again 
be ready for READ and write operations. The 
RECALL operation in no way alters the data in the 
EEPROM cells. The nonvolatile data can be rerailled 
an unlimited number of times. 

AutoStore^^ OPERATION 

The STK15C88 uses the intrinsic system capaci- 
tance to perform an automatic store on power 
down. As long as the system power supply takes at 
least tsTORE to decay from Vswitch down to 3.6V the 
STK1 5C88 will safely and automatically store ttie 
SRAM data in EEPROM on power-down. 

In order to prevent unneeded STORE operations, 
automatic STORE will be ignored unless at least 
one WRITE operation has taken place since the 
most recent STORE or RECALL cycle. Software initi- 
ated STORE cycles are performed regardless of 
whether a write operation has talcen place. 

POWER UP RECALL 

During power up, or after any low power condition 

(Vcc < Vreset) an internal recall request will be 
latched. When Vcc once again exceeds the sense 



voltage of 

VswrrcHi 3 RECALL cycle will automatically 
be inifiaied and will talte ^t^iok to complete. 

HARDWARE PROTECT 

The STK15C88 offers hardware protection against 
inadvertent STORE operation during low voltage 
conditions. When Vcc < Vsmtch all Softvrare STORE 
operations win be inhibited. 

LOW AVERAGE ACTIVE POWER 

The STK15C88 draws significantly less current 
when it is cycled at times longer than 30ns. Figure 
2, below, shows the relationship between Ice and 
READ cycle time. Worst case current consumption 
is shown for both CMOS and TTL input levels (com- 
mercial temperature range, Vcc = 5.5V, 100% duty 
cycle on chip enable). Figure 3 shows the same 
relationship for WRITE cycles. If the chip enable 
duty cycle is less than 100%, only standby current 
is drawn when the chip is disabled. The overall 
average current drawn by the STK15C88 depends 
on the following Items: 1) CMOS vs. TTL Input lev- 
els; 2) the duty cycle of chip enable; 3) the overall 
cycle rate for accesses; 4) the ratio of READ'S to 
WRiTE's; 5) the operating temperature; 6) the Vcc 
level and; 7) I/O loading. 
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ORDERING INFORMATION 



STK15C88 - W 25 I 

I Temperature Range 

blank = Commercial (0 to 70 degrees C) 
I = Industrial (-40 to 85 degrees C) 



Access Time 

2S = 25n6 
35 = 35ns 
45 = 45ns 



Package 

W = Plastic 28 pin 600 mil PDIP 



ill 
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Common nvSRAM Questions 



SimTEK 



Sbntek Corporation manufactures a complete family of 
high speed, high performance nonvolatile Static 
Random Access Memories (nvSRAM). Simtek's entire 
product line is guaranteed nonvolatile for a minimum of 
1 years, without any source of external power, special 
handling, storage or care. Simtek nvSRAMs contain 
no internal batteries, capacitors, or power sources. 
Data is Stored into integral EEPROM (Shadow ROM) 
in parallel from the high speed SRAM, resulting in short 
nonvolatile Sforetimes. Storeor f?eca//operations are 
initiated upon execution of user command, or upon 
of power with the Auto&o^^yfmmm- 



1 . What is tlie difference between a Man^tani 
fast SRAiM and the nvSRAM? 

Simtek nvSRAMs combine the ease of use of a standard 
fast SRAM with the nonvolatility of EEPROM. Within 
each SRAM cell is an EEPROM cell that can be 
f?eca/fedf rom or Storedto the SRAM. A btock diagram 
of the Simtek nvSRAM architecture is shown in Figum 
1. 

Simtek nvSRAMs are available in commercial (0° to 
70* C), industrial (-40O to 85° 0), and military (-55° to 
125° C) temperature ranges. Performance 
specifications vary slightly with the varioustemperature 
ranges listed, and specif k: data sheets should be 
consulted for exact specifksatnns. All performance 
data referred to Inthis applteatnn isfbroommeicial 
rated components only. 

Nonvolatlla sro/7£ Operation 

During a Store operation, data is transferred from 
SIRAM to EEPROM in parallel (e.g., for an 8K x 8 
STK1 1 068, the data in all 64K SRAM cells is Stored m 
parallel to the 64K EEPROM cells). This allows data to 
be Stored safely in a maximum of 1 0ms. Nonvolatile 
Stores can be initiated in three ways: Hardware Store, 
Software Store, or AutoStore"*, depending on the 
family of component selected. 




Figure 1 

Bcample Bhck Diagram (STK11C68) 



Recall Operattons 

A Recs^ operation transfers data from EEPROM to 
SRAM, In parallel. In a maximum of 20 ^s. Recallscan 
be initiated in 3 ways: Software Recall or Hardware 
^eca/Zdepending on the family of component selected, 
and all Simtek nvSRAMs automatically Recall stored 
data to SFIAM upon power-up. 

SRAM Operattons 

The hardware interface to the nvSRAM is nearly 
identical to common high speed SIRAMs. The^ three 
nvSRAM control signals, G (output enable), E (chip 
enable), and W (write enable), are used in the same 
manner as the functionally equivalent pins on common 
fast SRAM. Depending on the Simtek part selected, 
the design engineer may have to accommodate the 
hardware Store/Recall start pin NE (Nonvolatile 
Enable), and the bss of one Chip Select pin that is 




Common nvSRAM Queations 



found on most common SRAMs. Since the hardware 
orsoftwara sequences necessary to initiate nonvolatile 
operations use the standard SRAM control pins, very 
few hardware modifications are required to use 
nvSRAMs in place of standard SRAMs. When E is de- 
asserted (held h igh) the chip goes into the standby (low 
power) power consumption mode. 



2. What is the difference between other 
NVRAMs and the nvSRAM? 

Simtek's nvSRAM is a high speed memory available in 
speeds asfast as 25ns. This makes Simtek's nvSRAM 
equivalent to many high speed SRAM parts and much 
faster than other nonvolatile RAMs on the market. 
Simtek nvSRAMscome In a variety of industry standard 
packages designed to conserve board space and 
alk)w use of modern board manufacturing and auto- 
insertion equipment, Including flow soldering. 

The Simtek family of nvSRAMs differs from battery- 
Isacked SRAMs (batRAM) In several key ways. Because 
the data in the SRAM and EEPROM can be different, 
the nvSRAM can be viewed as having twicethe storage 
capacity of a similarly sized batRAM. Also, the 
operational life of the nvSRAM is very long. Data 
Stored in a Simtek nvSRAM Is guaranteed for a 
minimum of 10 years. Whilethislsasimilarspecification 
to most batRAM products on the market, at the end of 
1 years the batRAM Is no longer usable and must be 
discarded. Simtek's parts on the other hand can be re- 
stored and are good for another 1 years after each 
Store. In addition, because the nvSRAM contains just 
a single die it will function over a wider environmental 
range than hybrki battery/die parts. In light of the 
"green laws" that are sweeping the workJ the problem 
of disposing of an environmental toxin (lithium) is 
avoided all together. 



3. What Is the differance bMMeen iiPROM 
and the nvSRAM? 

Reading and Writing an EEPROM and the nv_SRAM 
require controlling the same three signals (E, W, G) in 
a similar fashion. The difference however is that Write 
operations on the nvSRAM (which are to the SRAM 
sectnn) take only 25ns, while fypical EEPROMs require 
10ms to perform a Write. Of course a single 10ms 
Store operation is required at some time if the data 
written into the SI^M is to be made nonvolatile. 

The Simtek nvSRAM family offers access times much 
faster than any EEPROM on the market. Since all of 
the EEPROM cells within the nvSFV^M are Stored in 



parallel, the full chip programming time is much shorter 
than for standard EEPROM. For example the 
STK1 0C68 8K X 8 nvSRAM can be completely writUm 
and programmed (a Store cycle) in 10ms, while a 
typk:al 28C64 8K x 8 EEPROM requires almost 2.5 
seconds for the same operation. 

The Simtek nvSRAM performs an automatic Recall 
upon power-up, so it may be used as a read-mostly 
memory, the function that conventional EEPROM and 
Flash memories perform. In order to support these 
read-only or read-mostly applicattons, a number of 
PROM programmer manufacturers support the 
nvSRAM on their programmers. 



4. Why aretheredifferent versions Of nvSRAM? 

There are three distinctly different nvSRAM 
architectures available: the Hardware Store, the 
Software Store, and the AutoStore™. Each family is 
uniquely designed to fill a specific high technology 
niche. This helps the digital design engineer reduce 
size and cost, and to overcome techneal obstadas 
that plague the design of many nonvolatile memory 
systems. 

STK10C "Hardware Sfww" nvSRAM 

The Simtek 1 0C "Hardware StoreTfamily is designed to 

easily replace SRAM devices in existing designs with 
minimal hardware changes. The STK10C family uses 
the JEDEC standard pinoutthat adds an NE (nonvolatile 
enable) pin to the standard SRAM pinout. If the NE line 
is asserted during either a Read or Write, a Recall ox 
Store operatton will be initiated respectively. Note that 
all four control pins must In the correct state to initiaia 
nonvolatile cycles. 

STK11C "Software Sfora" nvSRAM 
The STK11C "Software StoreT family is designed to 
replace SRAM devices in existing designs with no 
hardware changes required. Store and Recall 
operatnns are initiated by Reading aprecise sequence 
of six addresses In order, with no intervening access to 
other locations. This altows the design engineer to add 
nonvolatility to an existing design without requiring 
hardware changes. Only a software change is required 
to initiate nonvolatile cycles. By Reading the 6 
addresses in sequence (instead of Writing to the 
address locatbns), the design engineer avokis the 
danger of corrupting the data stored at the nonvolatile 
control SIRAM addresses. The probability of accidenfly 
initiating a nonvolatile cycle by randomly aocessingthe 
nvSRAM is less than 1 in 1023. 



Common nvSRAM Questions 



STK12C "AutoStore™" nvSRAM 
The STK1 2C family is designed to provide the ease of 
use and data security of battery-backed SRAM without 
the environmental issues, speed limitations and non- 
standard padtage sizes of batRAM. Atthesametime, 
the nvSRAM is more reliable. Call Simtekfordata and 
test conditions. 

Data is automatically Stored when system V^.^. drops 
t>elow approximately 4.2 volts, and Is guaranteed 
nonvolatile for a minimum of 1 years. The 1 2C family 
is designed to be a functional replacement for batRAM, 
low density FLASH, and system battery backed-up 
memory. The 1 2C family^ h^h speed (2Sns Read and 
Write) makes it an ideal replacement for EEPROM/ 
SRAM combination systems that require more board 
space and consume higher power. The 12C family 
also incorporates Hardware (10C/20C) and Software 
(1 1C) Store capability, making the STK12C the most 
versatile and reliable nonvolatile memory solution 
available today. 



Cycle Time vs Temp/Vcc 
for 35 ns part 




14 — 
i 



4f 70 1M 

Temperature { °C ) 

Figure 2 
Typical Store/Recali Times 



5. Howdothe Sttmwna nsca/Ztimes vary over 

the operating conditions? 

All parts are tested over the specified temperature and 

vettage ranges to insure thatthe data sheetparameters 



are met. Typical Store and Heca/Ztlmes will vary with 
both temperature and voltage as well as from part to 
part. Typical times are shown in Figure 2. 



6. Can 1 Read or Wrlteth»SRAMciurlngaS«or» 
or /7eca// operation? 

During a Store or Recall operatton, the nvSRAM is 
unavailable to the system. All levels and transitnns on 
the Input control pins are ignored and all data pins are 
tri-stated. After the nonvolatile cycle is completed, a 
Read or Write cycle can be initiated immediately by the 
proper assertion of the control lines. 

Depending on the family of tn^RAM used, two different 
methods may t>e employed to monitor completion of a 
nonvolatile cycle. On so me AutoStore™ parts, a bi- 
directtonal I/O pin, HSB (Hardware Store/Bu^), is 
used to indicate when a nonvolatile Store cycle is in 
progress. This pin is inter nally driven low whenever a 
Store is in progress. The HSB line may also be used 
as an input control line to initiate a Store operation. 
This is accomplished by externally driving the line low 
for a minimum of 250n s. After that time internal 
circuitry will hold the HSB line k>wforthe duration of the 
Stor e cyde. A pull-up resistor shouM be used on the 
HSB line to minimize the chance of noise-initiated 
Store operations. The value of the pull-up should be 
carefully selected so as not to o verpo wer the internal 
output driver In the 12C. If the HSB line cannot be 
internally driven low, the 1 2C will not perform nonvolatile 
Store operations. On the STK12C88 (32K x 8 ) and 
STK1 2C81 6 (1 6K X 1 6) the B open drain output goes 
active (low) during Store cycle. 

tf the 11C or 10C families are being used, and it is 
necessary to monitor completion of the nvSRAM 
nonvolatile cycle, a pull-up resistor may be connected 
to one of the data pins, as shown In Figure 3. After a 
Storeor Recallls started, the processor can repeatedly 
read a k>catk>n in the nvSRAM that contains a logic 
zero. While the nvSRAM Is busy, the resistor will pull 
the data line high. When the nonvolatile cycle is 
completed, a Read operatbn that is performed on that 
address will drive the line low signaling the processor 
that the cycle has completed. 



7. What protection does the nvSR AMI provide 
against Inadvertent Stores/? 

Simtek has bulK-in a number of safeguards to insure 
that inadvertent Store operations are avoided. Each 
family takes a different approach to ensuring data 
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safety and will be described beteni. 
The STK10C Family 

On tlie STK1 OC, a transition is necessary on one of the 
control lines before a Store operation can be initiated. 
Therefore, system control circuitry can hold the NE, G, 
W, and E lines in the Store or Recall state for greater 
than 10ms without fear that the part will initiate a 
second nonvolatile operation. If the necessary transition 
has occurred, a nonvolatile operation will successfully 
start if the control lines are held in the proper state for 
greater than or equal to one SRAM cycle time. If the 
pins are held in Jhe Store command state for longer 
than 10ms, the E line should be de-asserted first in 
order to prevent an unintentional SRAM write cycle 
froii) ooeurring. 



lOK Qhim 







nvSRAM 


DQ. 




DO. 




DQ. 




DQ. 


DQ. 




DQ. 


DQ. 




DQ. 





Figure 3 

Eariy Terminal Detectkm Clrcuk 



The STK11C Family 

The STK1 1 C family of parts provides very high data 
security and protecttonfrom unwanted Storeoperations 
by requiring the sequential reading of six specific 
addresses to start nonvolatile operations. The odds of 
accidently starting a nonvolatile operation on an 
STK1 1 C68 by randomly accesing the part is 1 in 3 x 
10^. 

The STK12C Family 

The STK1 2C family incorporates a number of safety 
features in its design. Software Store protection is 
similar to the 1 1 C family and has the same high degree 
of data safety. Hardware Initiated or AutoStare"* 



operations require that at least one Write operation 
take place since the la st Store. This feature ensures 
that noise on the HSB line or a fluctuating power bus 
will not initiate a second Store operation that could 
corrupt or destroy the integrity of the Storec/data. Low 
voltage Store protection is provided on-board the chip 
to ensure that all Store operations are inhibited 
whenever Vgap is lowerthan Vg^jtch- ^^'^ guarantees 
that a Store operation cannpt oe started that woni 
have time to finish before ditp power falls below 
approximately 3.6 volts. 

During power-up, the system can execute Reads and 
Writes until proper reset sequences are executed. All 
Simtelt nvSRAM products automatically initiate a 20|is 
/lecaff cyde once power is adequate; 

it is advised that embedded microprocessors and 
control circuitry be held in reset until system Vqq 
reaches approximately 4.5 volts and their output lines 
are quiet. Due to the high speed of the Simtek 
nvSRAM, random uncontrolled noise on the address, 
data, and control lines may result in corruption of the 
Recalled data unless care is taken during the system 
d^gn proc^. 



8. What can I do to prt»r1de ftiftlwr protectloii 
for my data? 

As with all high speed memory components, the 
nvSRAM requires careful control of the power and 
ground connections. The ground path shoukl be 
designed to provide absolute minimal impedance, and 
system V^^ should be bypassed with a low inductance 
decoupling capacitor (0.1 ^F) to ground. Care should 
be exercised to minimize path length between the 
decoupling capacitor and the nvSRAM power and 
ground pins. Surface mount capacitors or laminar strip 
under-chip capacitors are kieal for high speed 
decoupling applk:ations. 

If during power-up ^stem Vq^ rises above 3.8 volts 
and then falls betow 3.0 volts, there is a chance that the 
nvSRAM power-up /?eca//sequence may not complete. 
In this situation the control processor should be 
programmed to perform an explicit Recall during its 
power-on reset sequence. If the system is designed 
with a sufTideii^ k>ng power on Reset, such that the 
procMsor does not start to execute until has 
stabirized, this problem can be to a large part eliminated. 

In applications where the nvSRAM input lines may see 

noisy or floating inputs, it may be necessary to use pull- 
up and pull-down resistors to avoki unwanted SRAM 



Common m^RAM Questions 



Read or Write opentttons. NE, W. and E should be 
pulled high, while (3 should be pulled low. This 
configuration will provide maximum protection against 
unwanted SloDe operations. 



9. What is the difference between letention 
and endurance? 

Retention is a measure of how long data will be safely 
saved in the nonvolatile cells. Rememberthat retention 
is measured from tfie time of the Store. Data Stored^5 
ye«rs from now will still be valid 25 years from now. 



Endurance is a measure of the number of times that 
datacan be Storedirlto nonvolatile memory (EEPROM) 
before the cell wears out. In the nvSRAI^, the user 
performs Writes to the SRAM portion of the chip, which 
has no wear-out mechanism, and can effectively be 
accessed an unlimited numberof times. The nonvolatile 
Store operation utilizes the EEPROM cells and is 
guaranteed a minimum of 100,000 times. If a Store 
operation is performed once each time the system is 
powered down, and the system is powered down 5 
times per day, more than 50 years will elapse before 
the nvSRAM's endurance specification is exceeded. 
Data may be Recalled from nonvolatile memory an 
unlimited number of times with no danger of the part 
wearing out. 
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Address Sequence Generation 
on the STK11C and STK12C 



Simtek's nvSRAMs combine fast SRAM and EEPROM 
on a single chip in a shadow memory configuration. 
The parallel transfer of data from EEPROM to SRAM, 
a RECALL cyde, takes place under explicit user con- 
trol. The S70HE operation, which performs a parallel 
transfer of data from the SRAM to EEPROM, also 
occurs when specified by the user. 

On the STK1 1 C versions of the nvSRAM, STORE and 
RECALL operations are initiated by performing a se- 
quence of SRAM read cycles from six specific loca- 
tions. An access to a different address during this 
sequence, or repeated accesses to the same address 
will prevent the STORE or RECALL from Iseing initi- 
ated. 

In order to achieve fast asynchronous SRAM read 
performance, the nvSRAM detects changes on the 
address pins with E low and W high and initiates the 
internal read circuitry after that address state is stable 
for 5ns. This high speed operation requires that the 
address and control sequencing be carefully con- 
trolled if the 6 address sequence is to properly initiate 
a nonvolaffle cydB. 

Only E controlled read accesses may be used for the 
6 addresses in the STK1 1 C sequences, as shown in 
Figure 1. E must be held high while the addresses are 
changing. After the addresses have settled, E should 
be held low for the entire access time, during which no 
address should change state. Whenever E is high, the 
nvSRAM is disabled and any address traiwittons will 
be ignored. 

The state of the Gj>in is ignored during the 6 address 
sequence. The G pin is only used to disable the 
outputs and cannot ba used in the place of E to strobe 
the valid addresses. RisreoommandedtttatlheSpIn 



be held high during the address sequence to keep the 
outputs in the high-Z state and reduce noice generated 
by the output drivers. 

Excessive noise on the control pins that might l>e 
interpretted as spurious accesses_to the nvSRAM 
must be prevented. If for instance, E goes low (below 
VJ, but exhibits sufficient bounce that it then rises 
above V,^ before falling below it again, the part may 
*see" two accesses. Since both of these accesses will 
be to the same address, the address sequence 
necessary to cause a STORE or RECALL cannot 
occur. Note that this noise can be caused either by 
noise on the control signal itself, or by noise (bounce) 
on the power or ground pins. The shaded regions of 
Figure 2 show areas of questtonable validity. 

Proper noise control, important with all high speed 
integrated circuits, must be exercised throughout the 
board design. Noise, whether coupled from drive IC 
power supplies, adjacent wires or traces, ringing or 
other sources must be kept to a minimum with 
appropriate techniques. Proper capacitive bypassing 
of the power supp^ pins should be observed, using 
bypass capacitors having minimal internal resistance 
and inductance located as dose as possbie to the 
actual 

Simtek's AutoStore^ (STK12C) nvSRAMs can also 
be operated in "Software STORE" mode. This versatile 
family of high performance nonvolaiila memory offers 
the flexibility of automatic power-down STORE 
(AutoStore^), the ease of use of "Hardware STORE", 
and the data security of Software STORE. The 
'Software S TORE" operation f orthe STK1 2C is kientical 
totheSTKlia 



Address Sequence Generation on the STK11C/STK12C, 
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FIgum 1: 
STKllC Sequence TMng 
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Comparison of SIMTEK nvSRAM vs. 

Battery Back-up SRAMs 



This document summarizes two options for nonvolatile 
memory: Simtok Corporation's nvSRAM arxl battery 
backed-up SRAM from other mamifacturers. 



What Is an nvSRAM? 

Simtelt's nvSRAM is a high performance SRAM with a 
shadow EEPROM. 



What is a battery l}acked-up SRAM? 

Embedded in the package of a battery backed-up 
SRAM is a lithium energy source and circuitry that 
switches power to the battery when a voitage drop Is 
detected. 

When the supply voltage dips below some specified 
level, the intemal energy source is switched on to 
sustain MeMBmeiy tflntti y^t«immmmmMmtt^ 
tion. 



Information is made nonvolatile by loading it into the 
EEPROM which takes less than 10ms. This STORE 
operation is initiated by signaling an input pin (STK1 OC 
family), by executing a software sequence (STK11C 
family), or automatically upon power k>ss (AutoStore™ 
family). The information is k>aded back into the SRAM 
automatically on power-up or by using the hardware or 
software function. 

A f unctnnal diagram of the devne is shown below. 



A funaional diagram Is ^lown bekiw. 
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Fig. 1 Battety Backad-iv SRAM Functional Diagram' 



Fig. 2: nvSFIMI Functional Diagram 



* Diagram geiwrated from SGS-Thonaon MIe iBOlMtienlB i 
DatnhMl MK48ZX. 30A 



nvSRAM vs. Battery Back-up SRAMs 



Data Retention vs. Product Lifetime 

Data retention time is referenced to when the data is 
stored, while product lifetime refers to when the device 
was manufactured. The nvSRAM has a fixed data 
retention, while tha battwy backed-up device has a 
fixed product tMbne. 

Ten year data retention is guaranteed on the nvSRAM 
after each of the 100,000 srOR£ operations. Con- 
sider, for instance, a scenario where an nvSRAM 
STOREls performed before a system Is powered down, 
after which the system power is shut off once per day. 
The nvSRAM's 100,000th STORE cyde will be per- 
formed after about 274 years. The data transferred to 
the EEPROM at that point will then be retained for 10 
years from that time. The product life of the nvSRAM 
In this scenario is 284 years. 

The battery backed-up SRAM ceases to function as 
nonvolatile memory after the battery loses its charge, 
typically 5-1 years in commercial systems. 

Battery lifetime is reduced by two majorf actors: current 
drainfrom memory circuits, and evaporation of electro- 
lyte. The first of these depends on the current require- 
ments of the memory, and is the predominant factor 
determining lifetime at room temperature. At 70°C, 
however, the rate of evaporation is such that discon- 
nectbn of battery from the memory does not extend its 
life. At SS^C, the battery will typically last no more than 
two years, even 9 ll»A<diivtii» wm never powered-up. 

A battery's ability to sustain curent is also reduced at 
bw temperature. By much the same mechanism that 
makes the chemistry of a car battery inefficient at low 
temperature, the ability forthe battery to supply current 
is degraded by 20% at -40°C. 

Uncontrolled power down sequences can have addi- 
tional detrimental effects on the battery's life. In 
particular, Vcc undershoots due to ringing on power- 
down can cause current to be drawn from the tiattery. 
Further, if CE is not maintained high during the power- 
down, an inadvertent read or write may occur. The full 
current requireemnt of these <^cies wouM reduoe 
battery life. 

The nonvolatile memory element in an nvSRAM is an 
EEPROM cell. This cell consists of a nitride Insulator 
and a thin oxide insulator sandwiched between a 
conductor and the silicon surface. The programming 
charge is stored in the nitride insulator. Injection of a 
charge Into the nitride is controlled by the eiectre field 



between the conduc^rs. 

Data retention is determined by the insulator's ability to 
hold this charge. As the cell is cycled or the tempera- 
ture increased, the insulator will tend to permit more 
charge to leak. The data retention of an nvSRAM is 
detemilned by the number of S70R€operations which 
have been performed, and the average temperature at 
which the device was stored. 

All Simtek nvSRAM devices are tested with a tempera- 
ture acceleration factor that will guarantee the full 
retentk>n specification on the last specified STORE 
cyde when nfsdntalned dt mseelmum operating tem- 
perature. 

Because the mechanisms effecting data retention are 
so different between the nvSRAM and a battery backed 
device, they are difficult to compare. One effective way 
is to look at a plot of mean time to failure. Figure 3 
indicates how long it takes before 1% of the total 
population of 4ainaBm fail ai any given temperature. 

The plots for the battery backed-up devices include 
only the evaporation of electrolyte as the degrade 
mechanism. Actual data retention will be worse, since 
current drawn from the battery to maintain the memory 
informatfon is not included. The battery lifetime is 
measured from the point in time that the battery was 
fresh. The nvSRAM retention is taken on devices that 
have been <^cled 10,000 times. 

Even under these favorable conditions for the battery, 
the commercial 1 year battery backed device has IWa 
of only about 2 years at 70oC. 

Figure 3 shows that while the "1 year retention" on 
battery backed devices is evaluated at room tempera- 
ture, the nvSRAM's data retentton is evaluated at the 
maximum specified operating temperatures. 

Functionality Comparison 

While the devices are operating as SRAMs, functional- 
ity of Simtek's nvSRAM and battery backed-up devices 
areidenticaL 

Simtek^ nonvolatile SRAM is available in 25ns through 
55ns speed bins. Battery backed-up devices must 
optimize the standby power consumptton to maximize 
retention, and must sacrifice access time in the pro- 
cess. The fastest 64K battery backed-up SRAM de- 
vk»s are 70ns to 1 0Ons. 
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1. Output Currwit 

Battery: Most battery backed-up specifications are 
1 mA and 2mA. Loweroutputdrivecurrentwilltranslate 
to slower access times witii high output loads. 

nvSRAM: Output cun-ent capabilities on the nvSRAM 
are higher than on some battery backed devk»s. The 
nvSRAM outputs pin drive 4mA and SmA for a k>gic 1 

and togic 0, respectively. 

2. Device Functionality on Power-down 
Battery: Chip Enable must be maintained at a high 
logk: level in order to avoid inadvertent reads or writes 
during power-down. During power-down conditions 
the battery output voltage couki drop below levels 
needed to sustain the data in the memory and coukJ 
draw currents reducing battery life. The Dallas Semi- 
conductor data book recommends the use of a power 
monitor chip for this purpose. 

nvSRAM: The AutoStanl^ nvSFWM will detect a 
voltage loss and automatk»lly STORE the SFRAM con- 
tents into the EEPROM. TTie "Hardware STORE " family 
of nvSRAMs can be used with external circuity to 
provkJe a signal for the STORE operation. The appro- 
priate address sequence can be used with Simtek's 
Software STORE family of nvSIRAM to initialize the 
STORE sequence. 

3. Conditfons on During Power-down 
Vee must drop from 4.74V (or from 4.25V 



depending on the device) to OV in no less than 300^s. 
The system requires a power supply slew rate which 
meets this speeifieatfon. 

nvSRAM: The AutoSton^ nvSRAM recognizes a 

voltage bss at approximately 4.3V and automatically 
transfers the SRAM contents into EEPROM. The Hard- 
ware and Software STORE families of nvSRAM require 
that a voltage of 4.5V or higher be maintained for at 
least toms siu»r the STORE cycle has been initiated. 

4. Negative Voltages on Pins 

Battery: The system design must guarantee that 
voltages do not ring to less than -0.3V on any pins. 
Doing so would forward bias the ESD devices, thereby 
drawing a current too large for the battery to sustain, 
reducing battery lifetime. The Dallas Semiconductor 
data book recommends that the SRAM pins be shunted 
wKh dtodes for this purpose. 

nvSRAM : There are no special conditions that must be 
met for negative voltage ringing. Even if the ESD 
devices do fonvard bias, data integrity is maintained. 

5. Device Functionality on Powor-iq> 

Functionally, the power-up requirements on the nvSRAM 
and the battery backed device are identical. The 
nvSRAM automatically transfers datafrom the EEPROM 
to the SRAM upon power-up, after which the device is 
ready for SRAM operation. A battery backed-up SRAM 
will automatically switch from the lithium source to tile 
Vcc supply, after whch the device is ready for SRAM 
operatfon. in both cases, monotonic rise of V^ is 
needed. The difference between them is ae follows: 



Battery: Chip Enable must be maintained high for at 
least 1 25ms after power-up. While CE is high, the chip 
cannot be read or written. There are some devices 
where this time is reduced to 2ms. Even this length of 
delay wouk) likely require special attontnn in the 
system's bootup sequence. 

nvSRAM: There is no special requirement on E during 
power-up. Data is available 25^s after power-up. 

6. Board Space 

Battery: Systems implementing batteries must sacri- 
fice board space in height or width (or both) to accom- 
modate forthe battery. Typk^al packaging ranges from 
0.360' X eoomii to 0.45f x 71Qmli. 

nvSRAM: Simtek's nvSRAM DIP packaging is available 
in 0.160' X SOOmil, allowing the nvSRAM to be substi- 
tuted for SFMM without increasing board space. 
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Incoming Test Procedures 
forfheSTK12C68 



SimTEK 



Synopsis 

it is possible to observe a falsa faUure of STK12C68 
devices during irxximing test if the Chip Enable (CE) 
pin Is brought high before power is applied to the 
devices. While this does not harm the device or disturb 
the nonvolatile data in any way, it will appear that the 
SRAM will not read/write correctly for the length of a 
RECALL cycle (approximately 15 microseconds at 5V 
at room temperature). The failure will only occur on the 
first SRAM test after the device arrives at the test 
location; after this first test, the part wiii funcUon nor- 
mally as tong as it remains sodortad. 

Discussion 

A node in an internal test mode control circuit con- 
nected to the address pin A9 can be pulled high by 
static charge when the part is handled just prior to 
insert'ion for test. If this internal mode is high when the 
part is powered up with CE high, the first time CE is 
brought low, the part will perform a RECALL - disabling 
the SRAM, maldng it appear as though the^part has 
failed the SRAM read or write. Bringing CE low dis- 
charges the iittornal node afloMing the device to func- 
tion rtormally. 



Since this node is pulled low whenever CE is low, if the 
part is powered up with CE low, the part will operate 
normally. Once the part is powered up, this node will 
leak low ever^ when is high. Further, in a system 
application, since the part is either socketed or sol- 
dered in place, this node cannot be brought high. 

In atesting environment, we have observed this failure 
mode during manual insertion testing as well as during 
testing in handlers. Plastic packaged devices sliding 
through a handler can pick up enough static to causa 
tiie problem. 

Suggestions for Incoming Test 

The problem can be avoided by bringing up CE after 
Vcc rises or by waiting 20 microseconds (tiie RECALL 
time specification) after the first time CE is brought low 
and then testing the SRAM again. 

Note that bringi ng Vcc up with CE low and WE tow 
(assuming HSB is high) will cause an SRAM write as 
soon as the part has completed its power-up RECALL; 
overwriting the SRAM after the power-up RECALL can 
be avoided by bringing high before Vcc is brought 
up. 
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Using the SIMTEK STK12C68 
AutoStore™ 8K x 8 High Performance 

Nonvolatile Static RAM 



Abstract 

Simtek Corporation's STK12C68 is a fati static RAM 
backed t>y a nonvolatiie EEPROM shadow memory in 
an industry standard 28 pin package. The SRAM 
portion of memory operates similarly to other 8Kx8 fast 
SRAM products and is easily interfaced to embedded 
processors and togic elements. The uniqueness of 
Simtek's nvSRAMs is their ability to Store data indefi- 
nitely without the need of batteries or other power 
sources while still operating at full processor speeds 
with no wait states. SRAM data can be Stored into 
nonvolatile memory under hardware or software con- 
trol and is autonomously saved upon power-down. 
Data Stored in the EEPROM is automatically Recalled 
upon power-up without the need for processor inter- 
ventnn or the generatnn of external control signals. 
Data is Storodand RecaHed'm parallel, resulting in very 
fast nonvolatile operations (high bandwidth) that are 
ideally suited to a broad range of embedded processor 
and ^to maehina applications. 

Design, Packaging and Board Layout 
Conskteratlons 

The STK12C68 comes in three industry standard 
package styles: 300-mil DIP, 600-mil DIP, and 350-mil 
SOIC (Gull Wing). It is available in commercial and 
industrial temperature ranges in plastic packages, and 
inthe militarytemperature range in ceramic. Whilethe 
1 2C68 pin-out for address, data, and control conforms 
to industry standard packaging for fast SRAM, it must 
be noted that the 1 2C68 has only one chip select rather 
than the normal two. This was done to accommodate 
the requirement for a control line to initiate and monitor 
hardware Stor e operations. The Hardware-Store- 
Busy pin (HSB) is a bi-directional control line that starts 
nonvolatile Store operations if taken tow by external 
circuitry. This feature is locked out by internal k>gic if 
SRAM data ha sn't c hanged since the last nonvolatile 
Storeor Recall. HSB also serves as a "Store Operation 
Busy" monitor line that is inter nally driven low during all 
nonvolatile Store operations. HSB should be pulled to 
Vocthrough a 1 0K Ohm resistorto help eliminate noise- 
induced Store operations and to assure a true logic 
high when not in an active conditton (See Figure 1, for 



examf^). 

If the STK12C68 is being used to replace single chip 
select stow SRAM (BatRAM, etc.), PCB, circuitry, and 
togic changes are minimal. The addftion of a 100 ^f 
capacitor from Vcap (pin 1) to Gnd, and appropriate 
togto changes to handle Hardware Store Operattons 
(pin 26), if desired, are all that is neces«uy to imple- 
ment the full capabilities of the 1 2C68. 

As with any high speed SRAM, a good quality (tow 

inductance) decoupling capacitor is required from chip 
power to ground. Since the STK12C68's Internal 
circuitry is powered from "^CKP' decoupling capaci- 
tor must be connected from pin 1 to ground. Lead 
lengths should be kept short to minimize stray induc- 
tance and to provide a tow Z path to ground for high 
frequency noise. 

The STK12C68 also eases manufacturing and pack- 
age layout problems associated with other manufac- 
turers' nvRAMs. Its standard package dimensions 

(including height) altow the usage of automated pick 
and place machines and standard PCB layouts. Be- 
cause it contains no batteries it can be flow soldered 
and eliminates the need for costly manual operations. 
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Vcc Connection Options 

The STK12C68 can be connected to Vqc in one of 
three ways, depending on system characteristics and 
requirements. The most common connection, iilus- 
trated in Figure 1, involves the useof a 100^F capacitor 
on the VcAP pin (pin 1). This connection scheme 
guarantees that an AutoStore™ will occur on power- 
down (If the SRAM has been written), using the charge 
Stored in the 1 0O^F capacitor to complete the Store 
c^e. When Vccdrops below VgwircH- STK1 2C68 
disconnects Itself from the system power bus and 
executes a Store cyde, saving the SRAM 4sM to the 
EEPROM array. 

Figure 2 shows a V^c connection that still enables an 
AutoStore™ when Vqc collapses, but requires that the 
system S/cc remain between VswiTCH('^inini'J"i) ^nd 
3.5V for at least 1 milliseconds. In this case, a 1 0OnF 
capacitor is not needed because the STK12C68 sim- 
pV the system power to execute the S^tre cyde. 

Figwee 3 illustrates a connection that will prevent 
AutoStores'"* from ever occuring. By permanently 
grounding Vqcx (pin 28) and connecting system Vcc 
directly to Vcap (pin 1 ), the internal power PET be- 
tween pins 1 and 28 is held off and AutoStores"* are 
disabled. In this configuration, the user can still initiate 
Sto resth rough either address sequences or by pulling 
the HSB pin low. 
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Figure 2 

AuloStore™ (r^ies on ^pacllorforAutoS^m^ 



Note that it is not permissable to change between 
these three options "on the fly". Specifically, connect- 
ing up Vcc as shown in F^ure for 2andthen changing 
to the connection in Figure 3 is forbidden. If this Is 
attempted, It Is very likely that the device will be 
destroyed due to high current flow through the intemal 
power FET which, under certain conditions, can effec- 
tively remain on for sevemi seeon^ after power Is 
removed from the part. 
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SRAM Operations 

The STK12C68 8Kx8 high speed SRAM sect'ion oper- 
ates similarly to otherfast SRAMs on the market today. 
SRAM re ads a re performed whenever E and G are 
tow, and HSB and W are high. The output data 
corresponds to the address specified on pins A0.12. 

A write to SRA M is performed whenever E and W are 
low, and HSB is high. The data on pins DQ0.7 will be 
written Into the memory cell corresponding to the 
address present on pins Ao-ia- It is suggested that the 
control line G (output enable) be held high during the 
entire write cycle to avoid a brief di^ buscontentton on 
the common I/O lines. 

If the STK12C68 is being used as an SRAM replace- 
ment in an existing design, a PWB or control togic 
modification may be required to accomodate the single 



me 



ch^ select (E), and the Hardwara^Store-Busy (HSB) 
pins. 



Nonvolatile i?eca// Operations 

Nonvolatile Recall operations can be initiated in two 
different ways: (IjSottware. and (2) Automatic power- 
up recall. 

1 . Software Inttiated Recall 

A Recalloi data from nonvolatile memory to SRAM is 
accomplished in amannersimilartothe software Store 
operation. A series of six addresses are read to begin 
the RecsJI . The addresses must be read in the 
following order 

(1) 0000H 

(2) 1555H 

(3) OAAAH 

(4) 1FFFH 

(5) 10F0H 

(6) OFOEH - /Iscaff Operation Initiated 

2. Power-Up Initiated Recall 

The STK1 2C68 automatically Recallsthe data Stored 
in nonvolatile memory upon power-up. intemai controi 
logic initiates the /Igcalwhwi system Voc rises above 
VsWITCH- 



Nonvolatile Store Operations 

Nonvolatile Store operations can be initiated in three 
different ways on the STK12C68: (1) IHardware, (2) 
Software, and (3) Automatic power-loss Store 

(AutoStore^"). 

1. Hardware Sfore 

Har dwar e Stores can be initiated externally by pulling 
the HSB pin low for a minimum of 250ns. Intemai 
circuitry wiii then Iceepthe pin iowforthe duration of the 
Stor e ope ration. Care should be exercised to assure 
that HSB is not externally pulled high until after the 
Store has completed and the internal logic has re- 
leased the pin. During hardware initiated Stores pins 
DQo-7 assume a high Z output condition and remain tri- 
stated until the operation completes (1 0ms maximum). 
Irtternal control logic prevents the 1 2C68from perform- 
ing additional Hardware Store operations if no SRAM 
write has taken place since the last Store or Recall 
cycle. This helps eliminate the chance of multiple 
Store opera tions during power-up or because of noise 
on the HSB pin. 

Hardware-Store-Busy (HSB) is ahigh speed, low drhre 



capa bility bi-directtonal controi pin. it is important that 
HSB be pulled to system Vcc through a suitable pull-up 
resistor (1 OK Ohm typical) to assure that Store opera- 
tions are not initi ated b y noise, or during bus direction 
transitions. The HSB pull-up resistor serves to lower 
the line impedance and helps to control induced noise 
that could initate unexpected Store ope ration s. Due to 
the iow output drive capability of the HSB pin, it is 
important that the pull-up resistor value be selected 
carefully so as not to swamp the output driver (less 
than 3mA). While this will not cause damage to the 
chip, it could inhibit the STK1 2C68's automatic power 
loss Store capability {AutoStore"*) and could result in 
inadvertent data loss. 

2. Software Storm 

Data can also be Storetf into the nonvolatile memory 

on the STK12C68 under software control. This pro- 
cess involves the reading of six addresses in sequence 
to begin the Store, ft is important to assure that Read 
operations are performed instead of Writes or the cycle 
will not occur. Software Store takes place regardless 
of whether an SRAM Write took place since the last 
nonvolatile cycle. The address locatbns to be read 
are: 

(1) 0000H 

(2) 1555H 

(3) OAAAH 

(4) 1FFFH 

(5) 10F0H 

(6) OFOFH- Store Operatnn initiated. HSB 
pin is active (tow) for the duratton of the Store. 

3. Automatic Power-Loss Store {Auto&ore"^ 

If a 100 ^f capacitor is connected between Vcap and 
Gnd, and if power is applied to Vccx (pin 28, see Figure 
1), the STK12C68 will automatically Store the SRAM 
data to nonvolatile memory upon sensing power toss. 
Vcap is automattoaily disconnected from system Vccx 
by an internal power FET when system power drops 
betow VswrrcH- Current is then drawn from the stor- 
age capadtorduring the Storeoperation. Thisfunctton 
is completely automatic and requires no external com- 
mands. 

If the system power supply has sufficient output ca- 
pacitance to assure that Vcc will notdecayfrom Vswitch 
(minimum) to 3.5 volts in less than 10ms, the energy 
storage capacitor can be eliminated. With Vcc tied to 
both Vcap and Vccx (F^ure 2) the STK12C68 will 
perform an AutoStore"' evmy time Vcc drops betow 
Vswitch. assuming an SRAM Write has taken place 
since the last nonvolatile cycle. 
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H automatic power down Stores are not required, the 
100 (if energy storage capacitor can be eliminated 
{FigumSj. System Vcc is then tied directly to Vcap and 
Vccx is grounded. This will disable the AutoStore"" 
function but wi ll stil l allow nonvolatile Stores to be 
Inlttated via the HSB pin or under software control. 



Low Power Operation 

The STK12C68 is designed to use minimum power 
when the chip select pin, E, is not selected. During this 
time the chip consumes only standby current. Total 
chip power dissipation during operation is determined 
by several factors, the most important of which is 
system access cycle time. The faster the memory is 
accessed, the higher the current requirements of the 
chip. Secondly, whetherthechip Is being driven at TTL 
or CMOS levels has an effect on total power require- 
ments. At CMOS input signal levels the STK12C68 
consumes less powe than it does when driven with TTL 
gates. Other factors include Voe voltage level and 
operating tem-perature. 

The STK12C68 is designed to minimize power auto- 
maticalV by fntemaHy shutting down unnaceeeaiy dr- 



cuitry during read operations. Approximateiy 55ns 
after E goes low, current will drop to standby level. 

It can be seen from Figure 4 that the changes required 
to switch from the Dallas Semiconductor DS1 225Y to 
the SIMTEK STK12C68 /\utoStore ""are minimal. The 
1 00p.f AutoStore™ capacitor may be eliminated if the 
system power decay time is >tOins between VswtlCH 
(minimum) and 3.5 volts. 



Conclusion 

The Simtek STK1 2C68 is a high performance nonvola- 
tile SRAM that is a perfect fit for applications requiring 
high speed, nonvolatile memory, hs ease of tion 
malces it a natural choice where batteries and other 
nonstandard packaging concems rule out other tech- 
nologies, hs high speed allows it to operate where 
other technologies (BatRAM, Flash, EEPROM) can't, 
such as embedded DSP and other fast processor 
applications, its k>ng data retention times and high 
reliability make it a natural choice for users that require 
secure data retention, such as is found in the militaiy, 
financial, and gaming industries. 
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Applying the STK15C88 and STK11C88 

32K X 8 nvSRAM 



Abstract 

Simtek Corporation's family of high speed 256 kilobit 
nonvolatile Static Random Access Memories includes 
the STK1 5C88 AutoStor0™and STK1 1 C88 Software 
Storadevk^s. Both memories have industry-standard 
32Kx 8 architectures and pin-outs (Figure 1), and are 
drop-in replacements for many standard SRAM and 
BatRAM products. As with all Simtek nvSRAM prod- 
ucts, the STK11C88 and STK15C88 do not require 
batteries orother power sources to maintain nonvolatility 
for a guaranteed minimum of 1 years, even at high 
temperatures. The STK15C88^utoStore"^ memory 
automaticaily Stores data upon power toss, and re- 
quires no external power storage components such as 
batteries or capacitors. It is available in speeds of 25, 
and 45 nanoseconds. 

The STK11C88 Software Stew memory is designed 
for safa storage of data under processor control. The 
STK1 1 C88 virtuaiiy eliminates the danger of Inadvert- 
ent data loss due to human error or electronics failure. 
It is ideally suited for applications that would normally 
require the combinatton of high speed SRAM and 
EEPROM, and performs both functions in one pack- 
age. The resultant savings in board space, glue logk: 
(parts count), and power consumption helps to reduce 
costs and increase packaging density. The STK1 1 C88 
is available in 25, 35, and 45 nanosecond versions, 
and can be interfaced to most standard mtoroproces- 
sors without Interface logic or memory wait states. 

Both memories aulomattoally Recall nonvolatile data 
into the SRAM portion of the chip at power-up without 
processor interventton or external control. Simtek's 
family of nonvolatile memories give the product devel- 
opment engineer the ability to design modern embed- 
ded and state machines without the wonry of loss 
or corruption due to power failure. 

STK11C88/STK15C88 SRAM Operations 

The STK11C88 and STK15C88 nvSRAM memories 
are identical in the operatton of their RAM front ends, 
and look to the design engineer like industry standard 
32Kx8fai^SRAM& 




STK11C88/STK15C88 Ptn-Out 

The three control lines, Wrjte Enable (09), Chip Enable 
(E), and Output Enable (G) are utilized in the same 
manner as a standard SRAM. This front end f uncttonal 
equivalency allows improvements to be made to old 
designs without PWB (Printed Wiring Board) or control 
logic changes. The ability of Simtek's nvSRAM de- 
vices to run at processor bus speeds eliminates the 
need for wait states, bus control togk:, or specialized 
decoder circuitry. This combinatton of speed and 
versatility in one package senres to sbnplify board 
layout and reduce device count. 

SRAM Reads are performed whenever E and G are 
tow and W is high. The output data on lines DQo - DQ/ 
corresponds to tfie address specified on pins Ao - A14. 

SRAM Writes axe performed whenever E and Ware 
low. The data on pins DQq - DQ7 will be written into 
memory atthe location specified by the address present 
on lines Ao - A14. The S (Output Enable) line should 
preferably be hekl high during the entire Write cycle to 
avoid bus contentnn on the date lines. 

The STK1 1 C88 and S1K;}§C8S are high speed memo- 
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ries and therefore must have a high frequency bypass 
capacitor of approximately OA\d connected between 
Vcc and Gnd. As with all high speed CMOS integrated 
circuits, careful routing of power, ground and signals 
will help to reduce noice induced problems. 

STK1 1C88 Nonvolatile Operations 
nvSRAMSIon 

The STK1 1 C88 is a member of Simtek's "Software 
Store" nvSRAM family, and is designed for easy in- 
circult programmability. Data that has been written to 
the STK1 1 C88's SRAM is Storedto nonvolatile memory 
by reading six specific SRAM addresses in sequence. 
The Store operation is completely autonomous from 
that point, and requires no processor support nor 
external glue logic to complete. Once the Store pro- 
cess is initiated, the STK11C88 is disabled and no 
SRAM accesses are allowed until the Store operation 
is completed (< 10 ms). It Is important that Read 
operations be used instead of Writes. SRAM Writes 
will invalidate the sequence. The following address 
sequence Is used to start a memory Sto/e operation: 



1. Read Address 0E38H 

2. Read Address 31C7H 

3. Read Address 03E0H 

4. Read Address 3C1FH 

5. Read Address 303FH 

6. Read Address OFCOH 



(Initiate Store Cycle) 



The chance of inadvertently reading the correct six 
addresses in sequence, and accidentally corrupting 
the data Stored'in the STK1 1 C88's nonvolatile section, 
is less than 1 chance in 10^. 



2. Read Address 31C7H 

3. Read Address 03E0H 

4. Read Address 3C1FH 

5. Read Address 303FH 

6. Read Address 0C63H 



(Initiate Recall Cycle) 



It takes a maximum of 20 ^s for data that was Stored 
in nonvolatile memory to be Fhct^edto SRAM. 

STK15C88 Nonvolatile Operations 

The STK15C88 Is very similar in operation to the 
STK1 1 C88. Its software Store and fleca// operations, 
and its power-up /?eca//capabilKies are identical. The 
STK15C88addsthacapabilityof Simtek's AutoStore™ 
technology that altows Itto sense power toss and Store 
data to nonvolatile memory autonomously without 
external circuitry or processor intervention. As with the 
STK11C88, once data is Stored into nonvolatile 
memory, no batteries, capacitors or external power 
sources are required to safely maintain the data for a 
minimum of 10 years. The only requirement for full 
AutoStore™ operation is that power supply voltage 
remain above 3.6 volts for a minimum of 1 0ms after 
Vswitch (approximately 4.25 volts, see Figure 2). 

Even if the design engineer cannot guarantee the 
10ms power supply voltage requirement. It is still 
possible to use the STK15C88 in many applk:atnns. 
The additton of a low forward voltage drop dkxJe, and 
a 1 00^.f capacitor will supply the energy necessary for 
the Store operation to complete independent of the 
Power Supply decay characteristics {Figure 3). Note 
that this alternate configuration effectively raises the 
VswrrcH level by the dk)de drop Vf. 



nvSRAMf^n 

STK1 1 C88 data is Recalled from nonvolatile memory 
to SRAM during power-up. A Recall \s automatically 
InKlated when internal circuitry senses Vcc levels rising 
above approximately 4.25 volts (Vswitch)- Embedded 
processor wake-up sequences (power-on reset), shouki 
be delayed for a minimum of 550 |xs (tREsroRE) after 
Vswitch to assure that data is completely Recalled and 
to allow the system to stabilize before attempting 
nvSI^M accesses. 

Data can also be Recalled under software control in a 
manner similar to the Store operation. Six addresses 
are read in sequence to initiate the transfer from 
nonVDlatiie memory to SRAM. The following address 
sequence Is used to start a memory Recall : 

1. Read Address O^H 
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Figure 2 

STK15C88 AutoStore™ Vce RocpikBrnents 
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Alternate AutoStore™ Implementation 



Applications 

Simtek's family of nvSRAMs is the ideal complement to 
many of today's most advanced technologies. By 
increasing the level of integration, designs can be 
achieved that are smaller (more compact), lower in 
power, higher raUabiHty, lower co^ arid much higher 
petformance tfian posslbia Jb^ a taw years a^. 

FPGA/PGA 

Many manufacturers of programmable gate an-ays 
require high speed nonvolatile memory to load con- 
figuratton table data into their programmable arrays. 
Combining the high speed and density of Gate Array 
devices from Xylinx and Altera, with the advanced 
capability of the Simtek 32K x 8 family of nonvolatile 
memories, opens the door to many new embedded 
applicatbns. Adaptive security systems, videoAelecom 
Digi-Cypher, and automotive theft protection and re- 
covery systems are just a few of the potential applk:a- 
tions for emisedded PGA/ nvSRAM systems [Figure 4). 

By using a single STK1 1 C88 nvSRAM to parallel load 
configuration data to an Altera EPLD, and by using the 
same memory as a fast SRAM for processor scratch 
pad RAM memory, the design engineer can realize a 
signif bant reduction in parts count and cost. At system 
power-up, the EPF81 500 heM in a reset condition for 
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a minimum of 550^s after Vcc reaches 4.1 volts. This 
allows sufficient time for the STK1 1 C88 to Recall data 
from its nonvolatile memory into SRAM. After system 
reset is released the EPF81 500 will request data from 
the STK1 1 C88 (pull (X)NF_DONE line kiw) and begin 
sending addresses in a sequential count up or count 
down manner. After data is loaded into the EPLD, it will 
release the CONF_DONE line allowing the STK1 1 C88 
to be accessed by the embedded microprocessor, it is 
required that the microprocessor be held in reset until 
the EPF81500 is finished loading. This simple ap- 
proach solves the problem of needing both fast SRAM 
scratch pad memory and nonvoiatHe mamoiy 1o toad 
the Altera device. 

nvSRAM and n-7MS320C52 

Use of Simtek's 256K parts allows the TMS320C52 to 
run at its fully rated 80 megahertz with no wait-states. 
This design approach also assures that ail calculated 
or measured control variables are saved in the event 
ofpowerfailure. No glue logicor interface components 
are required for systems of up to 96K words of nonvola- 
tile memory, and only minimal external logic for sys- 
tems of up to 192K words. This compact, efficient 
memory design simplifies PCB layout, improves sys- 
tem reliability, and reduces cost. Since memory data 



is safe when power fails, short Vcc drop-outs will not 
necessarily result in toss of control or require system 
re-boot. If the on-board real-time clock maintains 
nonvolatile elapsed time knowledge, recovery may be 
possible without loss of control or unstable operation. 

Use of the STK11C88 for program memory guaran- 
tees that control code will not be lost during power 
dropouts, but still allows code changes to be made in- 
circuit without special equipment or hardware modifi- 
cations. This is of special value in applications such as 
security systems where pertodk: updates to password 
files or access lists are required, but where nonvolatility 
Is a necessity (Figum 5). 
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Figure 5 

High Pertormance Embedded DSP System Using 
the mS320CS2 wth the Skntek STKl 1015088 



Conclusion 

Applications for Battery Backed RAM are limited by the 
temperature range over which batteries operate reli- 
ably. Lithium batteries have shortened life spans at 
high temperature and electro-chemical inefficiencies 
at tow temperature. Battery Backed RAMs are also 
stower than nvSRAMs, and therefore are not suited to 
many high perfonnance embedded processor applica- 
tions. Use of Simtek's family of nonvolatile SRAMs 
efficiently replaces Battery Backed RAM, and results in 
higher reliability and higher performance products. 
The "088" nvSRAM family also replaces the combina- 
tion of SRAM and EEPROM presently used in many 
stand-atone appitoations to get around Battery Backed 
RAM's inherent limitations. The resulting savings in 
board space, power, and cost makes the nvSRAM an 
attractive design option. 

Simtek's nvSRAMs also have many advantages over 
fast FLASH memory, including a single byte write, 
single operating voltage (5V), faster access times, and 
unlimited SRAM Write cycles. nvSRAMs also have the 
ability to perform Store operations autonomously with- 
out processor intervention or the requirement to run 
FLASH store algorithms. This results in less processor 
overhead, reduced parts count and higher product 
reliability. 

The Simtek *C88* family of nonvolatile memories is 

fast, versatile, and cost effective for many types of 
modern high performance designs. The combination 
of speed and nonvolatility In one package allows high 
technology processing engines to operate at their full 
potential. The added advantage of remote program- 
mabiiity without the need to modify hardware, simpli- 
fies field upgrades and lengthens product lifetimes. 
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Introduction 

The term RAID (Redundant An'ay of Independent 

Disks) first appeared 5 years ago in papers written by 
Garth Gibson, Randy Kalz, and Dave Patterson of tfie 
University of California at Berl<eley. Since that time tlie 
number of manufacturers of RAID systems has ex- 
panded to over 1 00 companies with product lines that 
range from high end commercial products to bwercost 
controllers for the home market. 

The RAID advisory board (RAB) was formed in 1 992 to 
help minimize confusion within the industry by stan- 
dardizing terminology and maintaining standards for 
the dassifksatton and typing of controllers. The board 
is comprised of over 40 members and continues to 
promote the industry by encouraging the development 
of hardware components that are optimized for RAID 
applk:ations. The goal of the F^B is to become a 
compliance verifk»tk>n and testing organization that 
will issue product approvals, act as a regulatory agency, 
and assure users that the RAID level claimed by the 
manufacturer meets RAB standards. The RAB also 
will perform testing to certify that vendor hardware 
meets RAB requirements for Array-Ready Disks, and 
verify Disk Array Performance Benchmarks. The RAB 
is chaired by Joe Molina, President of Technology 
Forums - St. Peter, Minnesota 56082-9423 (507-931- 
0967). 

RAID Theory Overview 

Fordisk I/O intensive systems there are two character- 
istics that act as the primary s^tamr ^ifpmitnoe 
bottlenecks: 

1 . Data Seek Time 

2. I/O Transfer Rates 

It would seem k>gical that all that is required to reduce 
the time necessary for the computer to fetch data from 
the disk is to use multiple disks in parallel and distribute 
the data While this solutnn sounds easy and cheap, 
ther8alitiesoflifearen*tso8imp!e. As arty experienced 
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system administrator can tell you 80% of the total I/O 
toad of asystem is directed at 20% of the I/O resources. 
This so-called 80/20 rule requires that the I/O system 
be tuned to d^rlbute the toad over the bank of parallel 
disks. This evens out the number of I/O requests per 
disk and greatly speeds up the disk access. The 
trouble with disk tuning is that it requires a lot of system 
administration time to accomplish, and when done, 
there is no guarantee that it will stay balanced, in a 
dynamic system the I/O toad will change with time and 
therefore will require constant tweaking to maintain 
peak efficiency. A better solution is to use an array of 
disks. The RAB defines an array of disks as "a 
collection of disks from one or more commonly acces- 
sible disk sutisystems, combined with a body of Array 
Management Software (AMS)". 

Array Management Software is usually defined as 
firmware that executes in a dedicated control system 
rather than the host computer and has two major 
functtons. Functton one is to map the storage space 
available and optimize system balance to maximize 
disk I/O performance. Function two is to present 
storage to the operating environment as virtual disks 
by converting I/O requests to virtual disk I/O requests. 
This gives the appearance of a single large disk to the 
system and frees the administrator from constantly 
having to tweak the data distributton. Disk an'ays 
generally have improved I/O performance, and simpler 
storage management requirements than a string of 
parallel disks. 

The next task facing the designer of RAID systems Is 
to assure that data stored in the array can never be tost 
due to hardware failure. Major users of disk array 
systems such as banks, airiines, and credit agencies 
must be certain that they can never lose a disk in such 
a manner that the data stored on that disk is not 
recoverable. Even frequent and conscientous back- 
ing upofalldiskstoragedoes not recovernewdata that 
has been written since the last backup cycle was 
performed. A solution to this data reliability problem is 
the use of a RAID Controller. RAID Controllers are 
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defined with 7 levels: 
Level - Data Striping 
Level 1 - D\sk Mirroring 
Level 2 - Hamming Code 
Level 3 - Parallel Transfer Disks with Parity 
Level 4 - Independent Access Array 
Level 5 - Independent Access Array with Rotating 
Parky 

Level 6 - Recovery from the failure of up to 2 disks 
RAIDUwIO 

A stripe set presents a single virtual disk whose capac- 
ity is equal to the sum of the capacities of its members. 
The reliability of the stripe is less than the reliability of 
its least reliable member and its read and write rates 
are high. RAID is not a true RAID controller because 
it provides no redundancy. It is, however, a perfor- 
mance-oriented architecture that is inexpensive and 
therefore attractive to many low cost users. RAID e 
a parallel transfer technok>gy. 

RAID Level 1 

A mirror set also presents a single virtual disk; its 
capacity however is equal to that of its smallest mem- 
ber. Its reliability is very high, its read performance is 
usually betterthan that of aslngle member, but its write 
performance is somewhat slower. A RAID 1 system 
protects against disk failure by replicating all stored 
data at least once on a physically separate disk. RAID 
1 can be implemented as either a parallel or indepen- 
dent array and is well suited to applications that are 
read intensive and where reliability requirements are 
high. 

RAID Level 2 

A parallel access an-ay that uses Hamming Coding to 
provide error detection and correction capability to the 
array. This approach is very expensive and therefore 
almost nev»r iftiptememtd into a s^em. 




Example of a Typbal RAID Level 3 or 4 Ck)ntroller 
From The RAIDBook Edition 1-1 

RAID Level 3 

RAID 3 is optimized for high data transfer rates and is 
a parallel transfer technique with parity. Each data 
sector is subdivided, and data is scattered across all 
data disks with redundant data being stored on a 
dedicated parity disk. Reliability is much higher than a 
sing le disk and the data transfer capacity is the highest 
of all listed RAID types. RAID 3's weakness lies in its 
relatively slow I/O rates that make it unsuitable for most 
transaction processing unless assisted by some other 
technok)gy such as cache. The parity disk stores 
redundant irrformation about the data chunks stored In 
con-espondirtg kxattonson the data disks. The redun- 
dant information is typically In the form of a bit-by-bIt 
Exclusive OR function of corresponding data chunks 
from the other disks. Typical applications for RAID 3 
include large data objects such as CAD files, graphical 
images, seismic or telemetered data streams. 

RAID Level 4 

RAID level 4 is an independent access array in whieh 
data sectors are distributed in a similar manner to disk 
striping systems. Redundant data is stored on an 
Independent parity disk (similar to RAID 3). Its data 
reliability is much higher than a single disk (compa- 
rable to RAID 2, 3, and 5) and its data transfer capacity 
is moderate. RAID 4 is a high I/O read rate technology 
with moderate write speeds, but is not well suited for 
high data transfer applications due to the parity disk 
wjiteboniffiiseis TwoQfthdjlpproperatbnsraquiredto 
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p»form a virtual disk write are directed at the parity 
disk; for tliis reason RAID 4 arrays are seldom imple- 
mented. Possible applications would include systems 
that are read intensive and do not require high data 
tifirtiSfer rates. 

RAID Level 5 

RAID level 5 is an independent access array with 
rotating parity. Data sectors aredistributed in the same 
manner as disk striping systems but redundant itilor" 
mation is interspersed with user data across multiple 
array members rather than stored on a single parity 
disk as in RAID 3/4 systems. This relieves the write 
bottleneck associated with RAID level 4 controllers. 
RAID 5 arrays have high data reliability, good data 
transfer rates and high I/O rate capability. It is well 
suited to applksdions such as on-line customer ser- 
vices, inquiry-type transaction processing, group of- 
fice automation, etc. 

RAID Level 6 

RAID 6 Is a non-Berkeley level controller that is de- 
signed for extremely high data reliability. RAID 6 is an 
independent access array concept that requires two 
parity blocks be updated for each blodc wrIKen. This 



requires an extra parity disk but gives the added data 
safety of requiring 3 disks to fail before data will be lost. 
RAID 6 data transfer and i/0 capability is lower than 
RAID 5 for writes, but data reliability is highest of all 
RAID architectures. Presently RAID level 6 is not 
wkleiy used because of the higher costs associated 
with the added complexity, and the high penalty paid In 
system I/O performance due to long write times. 

Additional RAID Implementations 

RAID 1 is a combination of RAID 0&1 . This architec- 
ture gives high I/O performance and good data reliabil- 
ity. It is accomplished by using RAID (data striping) 
to enhance I/O rates and by using RAID 1 (disk 
mirroring) for high data ridlliabnity. RAID 10 requires 
costly hardware (disk and port) to implement, and is 
primarily used in applications where the data has high 
value and can justify a mirrored storage system. 
RAID 53 is a combinatnn of RAID levels & 3 and 
provMes RAID 3-like data transfer performance, and 
striping-like I/O request rates at RAID 3 or 5 costs. 
RAID 53 is used where both high data request rates 
and high data transfer performance is required such as 
airline reservatnn systems, financial and banking ap- 
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piicattons, etc. 

nvSRAM Applications and System 
Architecture 

in modern RAID systems the Array Management Soft- 
ware can run in the host or in a dedicated embedded 
controller. Most modern systems are using embedded 
controllers with many manufacturers using the Intel 
I960 chip as the wigine. 

In the past RAID systems were designed to use a 
distributed block of disltto maintain system configura- 
tion and to store system recovery address vectors. 
The primary problem with this type of architecture is 
that if a power failure occurs, and the controller's 
volatile system memory is lost, the entire disk array 
must be scanned upon power up to reestablish con- 
figuration and to redefine data locations. On a large 
array this is very time consuming, requiring many 
minutes to accomplish. Service-oriented industries 
cannot afford this length of down time and must come 
up and be operating very quickly once power is re- 
stored. In the latest generation of RAID systems the 
restart vectors are stored in nonvolatile semiconductor 
memory on the controller board itself. Due to the fact 
that the Array Management System is constantly mov- 
ing data among the individual array members to opti- 
mize VO balance, maximize I/O rates, and assure 
redundancy, the RAID controller is constantly tweak- 
ing the address vector tables. Also, the system con- 
figuration data is being stored simultaneously in sev- 
eral different locations, and parity information is being 
maintained to allow recovery in case of disk failure. 
This constant moving of data and reconfiguring of the 
array, requires that ttie configuratbn address vectors 
be stored in a nonvolatile technokigy that is rapidly 
rewritable. This memory must be fast enough to run at 
processor bus speeds so the RAID controller does not 
have to waste time blindly searching the disk array for 
its conf iguEBtion data. 

The SIMTEK family of nonvolatile SRAM products are 
ideally suited to RAID applications. They run at pro- 
cessor speeds, require no batteries for nonvolatility, 
are standard size and shape for automatic manufactur- 
ing, and are flow solderable. The high number of 
nonvolatile stores (1 OOK), fast read and write times (25 
nsec), and fast store times (1 n^) allows the design 



of highly efficient embedded controllers for both com- 
mercial and home applications. 

Applying SiiUITEK nvSRAM To iiod- 
ern RAiD Controliers 

77»« STKlOCxx Family 

The SIMTEK STKlOCxx family of nvSRAMs is a high 
performance nonvolatile memory family that is de- 
signed for easy interface to embedded controllers. 
The STK1 OCxx family is designed for dynamic applica- 
tions that require easy transferfrom SRAM to nonvola- 
tile memory under processor control. Using the lOCxx 
family for store and recall oi address vectors, configu- 
ration databases, and error detection/correction codes 
is an ideal application. 

Data within the SRAM is stored to nonvolatile memory 
by simply requesting an SIRAM write with the NE line 
active. This transfers data from the SRAM to shadow 
EEPROM in 10 msec. Data in the EEPROM is then 
completely nonvolatile and requires no batteries, ca- 
pacitors or other energy sources to remain stored for 
1i@yeai», 

The STKIICxx Family 

The SIMTEK STKIICxx family of nvSRAMs is de- 
signed for use in applications where data must be 
safely maintained in a fast nonvolatile memory, but 
does not require the dynamic store capability of the 
STKlOCxx family. 

The STKUGxx family of parts uses a software store 
and recall system that allows the flexibility of a fast 
nonvolatile SIRAM memory, but offers the data security 
of a less dynamic technology. This part has high 
applicability to RAID controllers for address vector and 
configuration storage. 

The STK12CXX Family 

The SIMTEK STK1 2Cxx AutoStore™ family combines 

the flexibility of the 10Cxx family, the data security of 
the 11Cxx family, and adds the capability to perform 
power down AutoStore^*' to assure that data is never 
lost 

The 12Cxx family uses the same store and recall 
techniques that are used with the 10/1 1C parts, but 
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also gives the design engineer the flexibility of auto- 
matically storing on power down. AutoStores^" are 
autonomously performed (unless inhibited) when sys- 
tem power falls below 4.2 volts. This assures that data 
is always safe and requires no batteries or other power 
sources that are prone to failure. RAID controllers that 
are dynamically keeping tracl^ of address vectors, 
system configuration, and disk error recovery informa- 
tion are idrat appHeaions for ^Is family of parts. 

Conclusion 

Modern RAID Controllers offer high data reliability and 
increased I/O performance in one package. This 
requires that the RAID system designer utilize the 
late^ in h^h psrtenmtnoB ambedM procei^^rs. 



state-of-the-art software, and sophisticated control 
algorithms^ 

The flexibility of fast nonvolatile memory for the stor- 
age of RAID address vectors, system configuration 
information, and adaptive algorithm memory is becom- 
ing more apparent with each new generation of sys- 
tem. SIMTEK's family of fast nvSRAMs are ideally 
suited to this type of high performance application. 
They run at processor speeds with no wait states, 
reliably store data in a nonvolatile semiconductor 
memory without batteries, and look to the processor 
like a standard SRAM. Ease of implementation and 
ability to rapkJIy change data, as well as the ability to 
use modern manufacturing techniques, helps to re- 
duce costs and to speed product to market. 
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SimTEK 



Using Simtek nvSRAMs with 
the Motorola DSPii002 



The Motorola DSP56002 is a 24 bit, high-performance 
Digital Signal Processorthat is ideally suited for audio, 
instrumentation, and automotive applications. When 
coupled with nonvolatile Simtek Static Random Ac- 
cess Memories (nvSRAM), the DSP56002 running at 
40 Megahertz becomes a compact, cost-effective pro- 
o»sing engine for a wHs variety of OEM applications. 

The DSP56002's external memory space is divided 
into Data Memory and Program Memory. Data Memory 
is further segmented into X Data Memory, and Y Data 
Memory. This allows the addressing of 1 92K words of 
memory with a 1 6 bit address bus. When Data Memory 
is made up of STK12/15CXX (Simtek AutoStoreT" 
nvSRAM) components and Program Memory is made 
up of STK11CXX (Simtek Software Initiated Store 
nvSRAM), the DSP56002 becomes a complete pro- 
cessing engine capable of running at 40 Megahertz 
with no wait-^es. The Simtok p^tts interface to the 



DSP56002 with no glue logic and offer full nonvolatility 
without requiring batterie» or pK^essor inten/ention 
{Figuro 1}. 

Data Memory 

Using the STK1 2/1 5CXX>^i/toStore™nvSRAM for Data 
Memory {Figure 2) guarantees that adaptive control 
data, calculated filter coefficients, and self calibration 
error correction tables will not be lost during power 
loss. Use of the STK12/15C88 family also allows the 
DSP56002 processor to run at a full 40 Megahertz rate 
with no wait states and without the requirement for 
i^ecial vSmHsm eimuitiy or glue logic. 

The STK12/15CXX AutoStore™ Family 

Simtek's STK1 2/1 5CXX family combines the speed of 
an EPf%>M, the fjexibilify d an EEPROM. and the 





Figure 1 

DSPSW02 Digital Signal Processor and Simtek nvSRAM Bkxk DIagiam 
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Figure 2 

DSP56002 Data Memory Bltx^ Diagram 



power loss data security of a battery-backed SRAM. STK12CXX family once data is Stored. 



The STK12CXX and STK15CXX are functionally 

equivalent parts that offer the design engineer options 
for high performance Data Storage memory. The 
STK12CXX design uses an external energy storage 
capacitor (V^) and incorporates an internal power 
switch that automatically isolates V^from system 
power when drops ImIow approximately A2. volts. 
VcAp ensures that the SRAM data will have time to be 
safely Stored into nonvolatile memory (fOms max.) 
before chip V^^ drops below 3.6 volts. 

The STK15CXX family relies on system V,^ sts^ng 
between 4.2V and 3.6V for a minimum of 10ms to 
complete and offers the same level of security as the 



The STK1 2/1 5CXX f am ily uses a combination of hard- 
ware Store, software Store and AutoStore" capabili- 
ties to give the design engineer the flexibility and data 
security required for high-performance embedded con- 
trol system applications. AutoStore" operations are 
autonomously performed (unless inhibited) when sys- 
tem powerf alls below 4.2 volts. This assures that data 
is safe from Inadvertent power loss and requires no 
batteries or other sources that are prone to fail. Em- 
bedded controllers that are dynamically keeping track 
of address vectors, system configuration tables, error 
recovery information and calibration data are ideal 
applications for this family of parts. 



/SSTKllCXJC/S 




A 





Figure 3 

DSPS6002 Program Memory Block Diagram 
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Program Memory 

Using STK1 1 CXX "Software StoreT memory parts for 
program data (FigurB 3) ensures that the processor 
embedded software cannot be inadvertently corrupted , 
while still allowing the flexibility of ea^ code changes 
and updates. 

The STKiiCxx Family 

Simtek's STKiiCxx family of nvSRAMs is designed 
for use in applications where data must be safely 
maintained In a fast nonvolatile memory, but do not 
require the AutoStom" ea^tabiMy of the STK12Cto 

family. 

The STKiiCxx family of parts uses a software Store 
and Recall system that allows the flexibility of a fast 
nonvolatile SRAM memory, but offers the data security 
of a less dynamic technology. This part has high 
applicability to embedded controllers for program 
memory storage. The STK1 1 Cxx can run at DSP56002 
processor speeds with no wait- states, yet still allows 
tiie fl«(ibi% df in-drcuit code changes witfeut the 



requirement for costty manual operations. 
Conclusion 

When the Motorola DSP56002 is teamed with Simtek's 
family of nonvolatile memory components, the result- 
ing system is as safe as if it was using PROM for 
program memory, as fast as a system using SRAM for 
data memory without the danger of data toss, and as 
flexible as a system using EEPROM or battery-t>acked 
SRAM without the limitations associated with either. 
Critical control system or adaptive coefficient data is 
safe during unexpected or planned power outages, 
without the need for batteries or other exotk: power 
sources. The program data is safely stored but main- 
tans the flexibility to altow modif ksation of the runtime 
code without changing components, or returning the 
hardware to the vendor. 

Simtek's parts replace the combination of EEPROM 
and SRAM typically used in embedded applications 
resulting in asavingsof board space, power, and cost. 
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Using the TMS320C52 DSP with 
Simtelc's 32K x 8 nvSRAI\/l 



SimTEK (STK11 C88/STK1 5C88) 



The Texas instrument TMS320C52 
Digital Signal Processw 

Texas Instruments' TMS320@52 is a fifth generation, 
enhanced member of the TMS320 line of Diglta! Signal 

Processors. Its modular architecture is optimized for 
ease of use, cost-effectiveness, and rapid develop- 
ment cycles. Its enhanced TMS320 instruction set is 
designed for fast algorithm development and high- 
level language operation. New static CMOS design 
techniques have minimized power consumption and 
maximized radiation hardness resulting in a powerful 
embedded compute engine for modem design. 

The TMS320C52 is available in three speeds (40, 57, 
and 80 MHz) and is capable of more than 28 MIPS. 
The TMS320C52 Is complete with 1 KWdrd of on-chip 
RAM and 4 KWords of on-chip ROM. It has two serial 
ports and is capable of accessing 64K parallel I/O 
ports. The TMS320C52 independently addresses 
Program and Data memory space of 64K words each. 
This modern dual memory configuration gives the 
"052" increased performance and versatility, and al- 
lows full speed execution without the rteed for wait 
states or idle time. The Advanced Harvard Architec- 
tural design permits instant access to program memory 
and maizes available intermediate computed values, 
such as adaptive coefficients, calibration, error correc- 
tion tables and configuration information at full bus 
speeds. This state-of-the-art pipe-lined architecture 
also optimizes the "052" for high speed throughput, 
and allows many executables such as multiply/accu- 
mulate operations to execute in a single machine 
cycle. The TMS320C52 emphasizes overall speed 
and flexibility in its configuration, and includes floating- 
point operations, block memory transfers, and multi- 
processing implementations. 

Simtek's 256K nvSRAMs 

Simtek Corporation has been manufacturing nonvola- 
tile SRAM (nvSRAM) memories since 1 989 and has 
recently expanded its product line to include the 
STK11C88 Software Store, and STK15C88 
AutoStoro™ memories. Simtek's 256K family of 
nvSRAMs is the highest density, fastest memory pres- 
ently manufactured by Simtek. Simtek's SNOS pro- 
cess guarantees 1 year data retentran without requir- 



ing batteries, capacitors, or other energy sources. 
TheSTKIICaa 

The STK11C88 is a 256 kilobit nonvolatile memory 
organized in a standard 32K x 8 SRAM architecture. 
The STK1 1 C88 operates as a standard Static RAM 
and is available in 25ns, 35ns, and 45ns speed ratings. 
The STK1 1 C88 is compatible with most Micro and 
Digitai Signal Processors on the market, and is ideal for 
appinations where battery backed RAM (batRAM) is 
unsuited (temperature, environmental, etc.), or where 
othertechnologies such as FLASH or EEPROM do not 
meet performance requirements. Data written into 
SRAM is Stored to nonvolatile memory by simply 
reading 6 addresses in sequence. This simple process 
initiates a nonvolatile Store operation that is complete 
in a maximum of 10ms. By using memory read 
operations instead of memory writes, no SRAM ceils 
are corrupted and lost to the design engineer. The use 
of this memory control scheme results in a probability 
of accidentally corrupting Stored data is less than 1 
chance intO^S. a further advantage of the Software 
Store architecture is that no PWB or hardware design 
changes are required to switch from a standard SIRAM 
memory to a nonvolatile STK1 1 C88. 

Data is automatically Recalled from nonvolatile memory 
to SRAM when V^^ rises above approximately 4.25 
volts. Internal circuitry initiates tiie Recall and no 
processor inten/ention or outside control is required. 
Processor (software) initiated Recall oi data from non- 
volatile memory is accomplished by reading six ad- 
dresses in sequence, similar to Hw Stom initialion 
process. 

The STKISCaa AutoStore™ Memory 

The STK15C88 /lutoStore''** Memory combines the 
Software Store capability of the STK11C88 and the 
power bss security of advanced Simtek AutoStore^ 
technology. The STK15C88 senses power loss at 
approximately 4.25 volts and automatically initiates a 
nonvolatile Store to save the data contained in its 
SRAM. >*utoSfore™takes a maximum of 1 0ms and is 
totally automatic, requiring no processor or operator 
intervention and needs no external circuitry to com- 
plete. The only requirement for full ;4utoSlOirie'*'func- 



Using the TMS320C52 wHh SImtek nvSRAMs 



tionality is that the power supply voltage stay above 3.6 
volts for at least 10ms after the start of the Stare 
operation (See Figure 1). 




Figure 1 

STK1SC88 AutoStore™ Vcc Requirements 

Once data is Stored into nonvolatile memory it is safe 
from loss for a minimum of 10 years even at high 
temperatures, and is /I«cai!toc/automalically upon power 
recovery. 

Software Sioreoperations on the STK1 5C88 are iden- 
tical to the STK1 1 088 and provide the same level of 
security and code protection. 

Example System 

Combining the TMS320C52 and Simtei<'s STK1 1C88 
and STK15C88 memories makes a compact, robust 
emtMdded machine for high performance applications 
(See Figures^. 

Use of Simtelt's family of 256K parts allows the 
TMS320(^ to run at its full rated 80 megahertz with 
no wait states. This design approach also assures that 
all calculated or measured control variables are saved 
in the event of power failure. No glue bgic or interface 
components are required for systems of up to 96K 
words of nonvolatile memory, and only minimal exter- 
nal logic for systems of up to 192K words. This 
compact, efficient memory design simplifies PCB lay- 
out, improves system reffability, and reduces cost. 
Since memory data is safe when power fails, short Vcc 
drop-outs will not necessarily result in loss of control or 
require system re-lxx>t. If the on-board real-time clock 
maintains nonvolatile elapsed time knowledge, recov- 
eiy may be poadbl» without loss of QonM or unstatde 



Use of the STK11C88 for program memory guaran- 
tees that control code will not be lost during power 
dropouts, while still allowing code changes to be made 
in circuit without special equipment or hardware modi- 
fications. This is of special value in applicattons such 
as security systems where perkxlic updates to pass- 
word files or access lists are required, but where 
nonvolatiiity is a necess^. 

Conclusion 

Ckimbining the Texas Instruments TMS320C52 Digital 
Signal Processor and the Simtek family of nonvolatile 
Static RAMs opens performance doors for the systems 
designer that were previously closed. The comlilna- 
tion of high speed arid nonvolatiiity altows modern high 
performance processing engines to operate attheirfull 
potential. It also opens the way for innovative new 
applications and approaches to embedded controls. 
The elimination of tiatteries and capacitors helps to 
lower system and field maintenance costs, and solves 
many operating environment problems. The *C88' 
family, due to its high speed capability, reduces parts 
count by replacing the combination of SRAM and 
EEPROM presently used in many stand-alone appli- 
cations. This results in more compact, lower power, 
and lower cost designs. The ability to change program 
code remotely without modifying hardware also allows 
remote field upgrade and Iwigtheim product lifetimes^ 





F'^ure 2 

TMS320C52 and Simtek STK1 1 CM and 
STK15C88nvSFtAMs 
Embedded Pnx»ssir)g System 
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Product Quality and Reliability 8 



RELIABILITY OVERVIEW 



At Simtek we take a number of complementary approaches to assure the reliabitty of our products. 

F'irst, we develop monitoring devices on product wafers (either as separate chips on the wafer or in the 'streets* 
between the rows of die on the wafer) which help characterize various key elements of the product during the 
design and process development stages. 

As part of the development process we start taking devices through detailed characterization lif etest well beyond 
data sheet to ensure that there are nof unctnnal or reliability weaknesses in the design or manufacturing process 
tachnok)gy. Any problems we find are analyzed and their solutton fed directly back into the design or process. 

We then establish statistically-derived acceptance limits on the parametrical performance of these devices so 
that each production lot built may be evaluated for conformance before being shipped to assembly. This 
approach links directly to Statistical Process Controls put in place to ensure that the product built and shipped 
to our customer base is consistent in its quality and reliability performance. Any trencte away from a statistically 
controlled state are detected early and con-ected before they become a problem to our customers. 

Before a product is released to the market, we subject samples to numerous long-term life tests which are 
described in detail in a later sectbn of this document. Qualification testing includes a rigorous characterization 
of the product against data sheet over the full range of permitted operating conditions. These tests are intended 
to evaluate performance against data sheet over extended periods of time and under extreme operating 
conditnns, to ensure that our products meet, at a minimum, the industry standard levels of reliability. From there 
on we continue to take whatever measures are nacasKuy to improve that performance. Our approach on all 
qualy and r^iabiWy Issues is ahraps te impro^re eii ow eMKit performance. 

Finally, once the product is released to the market place, we establish a comprehensive monitoring program 
whk:h alkiws us to ensure that at a minimum we maintain existing levels of quality and reliability. Analysis of 
failures from the program provides an opportun% to put in place correc^hw aotkms whteh result in improvements 
to our product range over time. 



AN INTRODUCTION TO RELIABILITY CONCEPTS 

One of the fundamental concepts in reliability is the "Bathtub' curve, as illustrated in Figure 1 . This describes 
the relationship l>etween failure rate and time for a well behaved product. It shows the early life 'infant mortality* 
failure rate being relatively high, but moving quickly to a tong perbd of 'Random Failures' at a very low failure 
rate. We then see the failure rate beginning to increase once more, first gradually then sharply, as the product 
reaches the end of its life (the "Wearouf phase). Time is plotted against a logarithmic scale, since the period 
of normal lifetime performance is usually very long in relatnn to the end effects, and is typnally much k>nger than 
the expected nietime of most syatenn thai the conqx>nent8 are in. 

It is the suppiiei's task to eliminate the product 'Infant MoitaHty" before releasing the product to the customer. 
This is done using environmental and electrical screens in the product assembly and final test ftows. 
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The useful lifetimefailure rate, which 
is the failure rate that the customer 
will experience in the field should be 
ait a vary low level, and stable, over 
the required Irfetfme of the part. The 
actual failure rate will depend on 
many variables, including the envi- 
ronmental conditions the devices 
are exposed to, the actual system 
operating conditions ami fra^ 
quency of use. 

These different parts of the reliabil- 
ity curve derive from what is hap- 
pening in the device itself. Failure 
mechanisms during the infant mor- 
tality part of the curve may arise 
from random defects built into the 
product during the manufacturing 
process. Well established examples 
are defects related to oxide layers, 
contamination, metal lines and ver- 
tical contacts, die attach, wire bond 
and iid seai. Typical useful life fail- 
ure mechanisms wiii relate to such problems as mobile ionic contamination, residual oxide defects, bulk silicon 
defects, soft envr and charge toss mechanisms. The device wearout will generally be attributable to charge loss, 
hot carrier effects, electromigration, oxide wearout, intermetallic corrosion, and metallic grain growth. The 
majority of failure mechanisms occurring in semiconductor memory products have been well characterized, and 
the time to failure will almost always be a function of either temperature, or applied voltage, or Ixjth. 

Since the majority of manufacturing defects are quicldy accelerated by temperature, it is possible to screen out 
infant mortality using traditnnal environmentsd scraaning teehnlquee such as bia^ bum«in and alectrieal 
test at temperature and voltage extremes. 




Figure 1 . Typical "Bathtub* Curve showing the relationship between 
Failure Rate ft Preduet Utatlme. 



The temperatureAimerelattonshipforawide range of failure mechanisms isdescribed by the Arrhenius equation: 



/4p = exp 



Where: is the Activation Energy for the failure mechanism measured in electron Volts 
T, is the Rated Operating Temperature in "K 
Tj is the Accelerated Test Temperature in °K 
Ap is the Acceleration Factor for temperMure in relatton to T, 
k is Bettanann^ constant 



This relationship enables suppliers to subject products to accelerated test conditions over a relatively short period 
of time in order to simulate tiie lifetime performance of the product and relate the results back to normal operating 
conditions witti a Mgh level of oonfkience. 

Accelerated life testing thus enables us to determine both the product lifetime failure rate due to rarKlom failures, 
and the particular failure mechanisms which predominate through the lifetime of the product. In this way, 
con-ective actton may be taken in either tightened screening procedures or modificattons to the design or 
manufacturing process in order to reduce the incidence of failures. 
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The lifetime failure rate is generally mea- 
sured in FITS. One RT Is one failure In 

1 device hours. Thus a failure rate of 
1 00 FITS, for example, would represent 
a probability of experiencing one failure 
in 10^ device hours, or one failure in 
about 1,150 years. Among the numer- 
ous variables that may affect the appli- 
cation of FIT rate data are ttie confi- 
dence level at which the failure rate is 
calculated (FIT rate calculations are 
generally based on samples from a 
larger population, and the confidence 
level applied to the calculation may typi- 
cally range between 50% and 95%), the 
temperature at which the failure rate is 
calculated (the number of device hours 
is a function of the acceleration factor 
applied to the FIT rate calculation), and 
the number of devices in the system 
under review. 



ARRHENIUS PLOT FOR ESC 
AT VAHOUS ACnVATKM E 



IS : 




TEnTEHPERATUIE (QeaREBS C) 



Figure 2. 55° C Data: Acceleration Factor v«.AcoeleratBd Test Temperatures 
ranging from 75' C through 2S0°C lor seleeiad Activation Energies 



METHODS FOR DEtEFflMNlNG PAILtfRE RATES 



The methods used by Simtel< for determining failure rates are industry standard. 

CMOSSRAMfailureratesarederivedfrom High Temperature Operating Lifedata. Dependlrigonthefutualfailure 
mechanisms oijserved, the Mure rate will be calculated based on the following: 

^(Total Failures)(^ Facto^ J 
^"^^ ■ \(De»*» ^tours Piatad TemfH I ^ 



Where X(cmos) CMOS failure rate in FITS 

1 FIT is one failure in 10* device hours at the rated temperature 

0^/2) is the statistical weigltting applied in relation to the sample size at a given upper 

confidence limit 

Device IHours is the (total number of devices) x (acceleration factor for Tj in r^i@Q|@ ttM rated 
temperature T,) x (total test hours at test temperature) 



Retention failure rates are based on Retention Life data, using samples already cycled to end of data sheet 
endurance life. A failure In retention is defined as the inability to recall the originally stored data in one or more 
cells in the array. The Activation Energy applied to recall failures resuKing from Retention Life testing Is 0.6eV. 
This value has been derived empirically from single cell and product level analysis using the two temperature 
method to determine differential decay rates. Simtel< Retention Reliability data is based on fully cycled devices. 

Simtek uses the normal methodology for deriving the product retention specification at temperature. The failure 
rate (in RTs) over the random failure lifetime of the part is derived from product retentton monitor data. The 
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reciprocal of the failure rate is the mean time between (or to) failure. Thus the retention specification of the 
product may be calculated to a given upper confidence level at a given operating temperature. This method is 
commonly used, and relies on the existence of an extremely long inUinsic cell retention. This has been 
demonstrated on the SNOS structures within the Slmtei< cell. 

Simtek reliability data is quoted at a 60% Upper Confidence Level at SS'C, unless, othenvlse indicated. 



QUALIFICATION TEST METHODS 

All products are subjected to qualification testing before being released to the market place. What tests are 
carried out, and how long the test conditions are applied are to some extent a function of the "newness* of the 
product or process and the package type. For baseline qualifteation of a new design and/br manufacturing 
process, the following tests are standard: 



TEST 


METHOD 


CONDITIONS 


DURATION 


High Temperature Operating Life 


Ml 005 


D, 5.5V Vex:, 140°C 


1000 hrs. 


High Temp Operating Life (Variables) 


Ml 005 


D, 5.5V Vcc, 140°C 


1000 hrs. 


Low Temp Operating Life (Variables) 


M1005 


D, 5.5V Vcc, -55°C 


1000 hrs. 


Temperature Cyde 


M1010 


C, -65°Cto+150°C 


1000 cycles 


Endurance Life 


M1033 


Room ambient 


End of Life (datasheet) 


Retention Life 


M1008 


Unbiased, 150°C (min) 


1000 hrs. 


Autoclave (PCT) 


JEDEC 22-BA102 


1 21 '0,2 ATM, 100% RH 


168 hrs. 


TemperaturB, Humidi^, Bias (THB) 


JEDEC22-BA101 


85*C. 85% RH, 5.0V V„ 


1000 hrs. 



TaMe 1: Typical product quaSTication last mathods aod cdKSfnnis. 



This series of tests was designed to assess the reliability of the SRAM memory array and peripheral 5.0V circuitry 
and of the NV array and related high voltage circuitry including charge pumps on the product. Test methods and 
cond'rtnns empkiyed are industry standard, based on MIL-STD-883 and/or JEDEC 22. Testing will generally be 
continued beyond the stated test duration in order to evaluate device wear-out failure mechanisms. 

A more detailed description of the purpose and conditbns of each test method is given in the folbwing 
F»ragraphs. S«e^c/res 3 and 4 for the Qualification Fk)ws. 



High Temfieralura Operating Life (HTOL) 

This test is essentially a prolonged burn-in under dynamic stress conditions. Transistors in the memory array 
are continuously toggled on and off over the period of the test under loose timing conditions, under a Vcc max 
conditton of 5.5V. It is carried out at a highly accelerating temperature of 140°C, thus ensuring that the 1 ,000 
hour data represents a substantial operating lifetime (in this case, against a nominal E^ of 0.7eV, 1 ,000 hours 
would represent the eqyt^alent of ajjpnndmately 18.5 years at^^); 

HTOL is a well established lif etesting method for identifying failure mechanisms related to contamination, metal 
and oxide defects. It will also show up parametric drift over time (e.g., access time push-out). 

High Temperature Operating Life (HTOL), Variables Data Collection 

A sample of serialized units is subjected to HTOL testing. Rather than base results on go/no go endpoint testing 
as in the standard HTOL test, the major groups of AC, DC and NV parameters are measured at each read point, 
including the zero hour. The data is analyzed and variations between read points on each parameter are 
reviewed. Any variation greater than five percent of nominal is carefully reviewed. The test is looking for 
parametric drift over time, under worst case operating conditions. 
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Low Temperature Operating LKe (LTOL), Variables Data Collection 

Units are placed on a low temperature dynamic llfetest in order to evaluate hot carrier effects that can severely 
impact device stability and performance on products which use small geometry technologies (generally 1 micron 
feature size or less). A five percent or greater shift is regarded as significant over a 1 ,000 hour period. The test 
is essentially the same as HTOL, but is carried out at low temperature. Variables data is collected from the 
serialized parts at each read point. 

Temperature Cycle (T/C) 

This test cycles the units relatively quickly between temperature extremes (-65'>C to +150°C), thus simulating 
the thermal stresses which affect the devices when in system use. Failure mechanisms related to die bond, wire 
bond, package seal and substrate craddng will tM exercised by Temperature Cydbig. 

Autoclave (PCT) 

The autoclave test is a crude measure of plastk: package performance under high moisture conditkiins. It gives 
a good first cut measure of package porosity and die passivatnn integri^ under extreme condittons of moisture 
and pressure.. JEDEC 22-B A1 02 test method is used and II (dmin I9si|tjl IflS jhrs. is raqpfapl for (msWk^tton. 

Temperature, Humidity, Bias (THB) 

This test is a somewhat more refined verston of autoclave, in whk:h the device is subjected for extended perkxJs 
to a high temperature and moisture enviionment under nominal power supply condittons. JEDEC 22-B A1 01 
test method is used through a minimum of 1000 hrs. HAST testing, a highly accelerated form of the THB test 
which has been well characterized in terms of the test condition aoceleratton factor, is under review for applksation 
to Simtek products. 

Llfetest Sample Pre-Condltioning 

In a numt>er of cases llfetest samples are put through a pre-conditioning step prnr to testing wihch generates 
high internal moisture content in the plastic package followed by simulated IR Ref tow as typk:al board component 
sofciering. 

Endurance Life 

Samples are subjected to full data sheet specification cycling. The objective is to provkie a data point for the 
failure rate attrlbutat>le to endurance failure mechanisms, and to verify the adequacy of the in-line production 
screen. The high vohage elements in the NV circuitry are exercised during this test, which will show up 
weaknesses in the high voltage oxide layers. The nonvolatile array is sutqected to a series of endurance cycles, 
where one cycle is defined as "STORE ONE", ' STORE ZERO*. Devices are read every thousand cycles to verify 
that the store operations are being carried out. 1 00,000 cycles is the stamiard test Some samples are subjected 
to extended cycling through 1 .000,000 cydm. 

Retention Life 

Samples with a data pattern stored in the nonvolatile array are placed on a high temperature, unbiased bake. 
The parts are then read periodically to determine whether the cells have retained the data stored at the beginning 
of the test. A failure is defined as a device in which one or more cells fail to recall the originally stored nonvolatile 
data state. Apart from providing a direct measure of retention lifetime performance, this test will also exercise 
failure mechanisms relating to metal integrity, chemical corrosion and suf>str8te t>ulk defectivity. 

DatMheei Characterization 

Afull datasheet AC, DC and NV characterization of the product is carried out over extreme Vcc conditions of 4.0 
to 6.0 voKs, overthe temperature range-40°C through +85<'C. Interim temperature reads are taken at 0°C, 25'C, 
and 70°C , so that both commercial and industrial operating temperature ranges are supported. The results are 
reviewed against datasheet to determine marginalities and expected operating margin under varying conditions. 
'Guaranteed but not tested* spedftoatkans are characterized at this time. All of the characterizatton data is 
documented. 
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TEST NAME 


TEST METHOD 


TEST CONDITION 


SAMPLE SIZE 


Constant Acceleration 


883, 2001 


E 


25/1 


Mechanical Shock 


883, 2002 


B 


25^ 


Variable Vibration 


883, 2007 


A 


25/1 


Moisture Rasislance 


863, 1004 


- 


2SA1 


Salt Atmosphere 


883, 1009 


A 


2sn 


Resiaiani^feSoliAtiiir 




- 


so 


Solderability 


883,2003, JEDECB1 02 


- 


3/0 


Seal [Hne Leak] 


8», 1014 


A 


2sn 


Seal [Gross Leak] 


883, 1014 





25/1 


Bond Strength 


883.2011 


D 


4^ 


Physteal Dimensfons 


883,2016, JEDECB1 00 


- 


S/0 


Lead Integrity 


883, 2004 


B2 


3/0 


Adhesbn, Laad Finish 


883,2025 


- 


so 


Internal Visual/Mechanical 


883, 2013 


- 


SO 


Internal Wafar Vapor Content 


883, 1018 




ao 


Thermal Shock 


JEDEC A104 


0, -40/+125X 


25/0 


Temco-ature Cycle 


JEDEC A106 


B.-40/+125'C 


2SIQ 



' Sample Size, Accept number (e.g., sample size of 25, accept on zero rejects, reject on one or more rejects) 

Tablo 2: Environments^ test method detail for package qualifications. 
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ESD Characterization 

Electrostatic Discharge characterization is carried out on new designs and when a design change is made that 
is nicely to affect ESD perfermance. The lullL-STD-883 method M3015, 'Human Body Moder Is used. 

Package & Assembly Line Qualifications 

The package qualification procedures and environmental test methods used for hermetically sealed packages 
are those defined in MIL-STD-883, Method 5005, Group D, and JEDEC 22-B for plastic packages. These 
generally have univet^ asoapUuice fay material suppliers, assemt>ly lines and product eustomers. 

Package qualifications are carried out on new package configurations, whk:h include basic package type (DIL, 
CERDIP, LCC, PDIP, SOIC, etc.). on changes in pin count, on changes in material supplier and major change 
to package component design or manufacturing method, and for changes in assembty site. 



MIL-STD-883 PRODUCT QUALIFICATION 

Product built in compliance with MIL-STD-883, Class B (Compliant non-JAN, meeting the requirements of MIL- 
STD-883, para 1 .2.1 ) is screened and qualified to the test methods set out in Methods 5004 and 5005. Simtek 
currently has three published standeu'd military drawings for its nvSRAM products. The SMD numbers are: 5962- 
92324, 5962-93(»6, and 5962-94599. 

Die qualification Is based on the Group C requirements of MIL-STD-883, Method 5005, plus retention and 
endurance Kfetsst qualification test methods. 

Package quattRcatfon is per Mn-Std-883 Method 5005, Group D. 

The qualiTication schedule for Group C and D is outlined in Figure 4. Periodic conformance testing conforms 
to MIL-STD-883, para 1.2.1. 



PRODUCT MONITailNQ PROGRAM 

A Product Monitoring Program (PMP) is used to provkle continuous assessment of Simtek product reliability. The 

program calls for samples to be taken at regular intervals from completed product (finished goods,l.e., the product 
which will be shipped to the customer base). The following monitors are run: 

• High Temperature Operating Life 

• Temperature C^cte 

• Endurance Life 

• Retention Life 

• Temperature/Humidity/Bias (TNB) 

• Autoclave 

The results of the monitors support a cumulative reliability database. Results are made available to Simtek's 
customer base via periodic Reliabitity Updates, available through Simtek Sales and MarlcMing oiganizatton. 
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AAA 



Test Prograa 
Verification 



Prdductioi 
Line tedit 



AC/OC/NV 

Oiaracterization 




High Te^> 
Oper Life 



Endurance 



Retention 



Autoclave 
THB 



Ittf Cycle 



Product 
I Release 



Figure 3: Commercial/Industrial QuaHScalion Test Flows 
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Ref: 

83 Mseas 

Table IV 



AnciMl, per: 

- #t« fami ly 

- tichnology 
■- fiab site 



Group C 



RETENTION 
LIFE 

LTPD 5.» 



ENDURANCE 
LIFE 

LTPD 5.» 



OPERATING 
LIFE 



LTPD 5.8 



Passlv'n 
Inlegri ty 



Group 



Subgroup 1 
[Itpd IS] 



Subgroup 2 
[Itpd 5] 



Subgroup 3 
[Itpd IS] 



Subgroup 4 
[Itpd IS] 



Subgroup S 
[Itpd IS] 



Subgroup 6 
[3/c-«] 



Subgroup 7 ^ 
Elipd tS] 



Every 26 weeks, 

- package type 

- pin count 

- lead finish 

- assembly site 

- cavity size 



by 



M2SI6 Phys Dims 



U2n4 Lead Integ 
Mi*l4 Seal F/G 



M101i T/S 

Miete T/c 

MIM4 Moist Res 
HI«I4 Seal F/G 
MS««4 EPE/Visual 



M2ee2 Mech Shock 
U2997 Var VIbr 
M2eei Const Accin 
Miai4 Seal F/6 
MSea4 EPE/Visual 



M29S9 Salt Atffl 
MI014 Seal F/G 
Visual 



MieiS Int Water 

Vapor 



y2»2S Ad Lead 
Finish 



Note: 

Subgp 8 n/a 



Rgm 4: MIL-STD483 CkxMeaeon Teat Flem for am B Produa. 



NOTES ON QUALIFICATION & PRODUCT MONITOR TEST PROCEDURES 

The following notes outline the procedures used to assure the integrity of results of qualrftoation and product 
reliability monitor data. 

Manufacturing Flow and Traceabiilty 

Units used for die (desig n and wafer fabrication process) qualification are selected from finished goods devices, 
generally from three different diffusion lots, manufactured to the production process using the production reticle 
set. Full lot traceability is maintained from initial silicon wafer lot through tofinal test and qualification test sample. 
All devices under test (DUT) are subject to the full manufacturing flow through wafer fabrication, assembly and 
final test/burn-in and are representative of product that would be shipped to customer. 

Manufacturing flows are defined, documented and subject to change control at the tirne of the qualification. Line 
audits are completed prior to running qualif ication lots. 

End-point Testing 

Test conditions are the same as in production burn-in as specified in Simtek internal documentation. Zero hour, 
intermediate and end-point tests are carried out at 0°C and 70°C using the final test program used to electrically 
screen the product. 

DUT failure is defined as a unit failing any test in the electrical test program at each end point test temperature. 
A speed bin downg rade either temperature is also considered causa for rejl^isn.. 

Equipment & Test Condition Verification 

All equipment used for testing DUT is calibrated under a ^stem based on MIL-STD-45662. Equipment 
functionality, signal checlts and test eondltions are checlted periodically to written procedures at the test ^e. 
Chart records are archived with records where relevant. 

Test Records 

Production lot travelers for the wafer fabrication, assembiy and final test processes including full records of 
product screening for each of the qualification bts are held on file by the Quaitty A^urance Department. 

Verification & Analysis of Rejects 

All rejects are returned to the Simtek engineering laboratory for preliminary electrical failure analysis to determine 
failure mode. Once full electrical analysis has been completed, units are submitted to destructive physical 
analysis to d^ermine thef allure rtieehanism. Written FA reports are completed on each failure or type of failure. 

Corrective Action Procedures 

There is a closed loop approach resulting from failure analysis. The results of analysis are reviewed by 
engineering, manufacturing and quality assurance personnel. Where appropriate, screening methods, process 
or design are modified via cm^m^m asion procedures in order to eiitninate the cause of any failures. 
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INTRODUCTION 

This manual is intended to answer most of the ques- 
tions arising in customer's minds alsout the quality 
assurance program in place at Simtel<. It covers both 
in-house and subcontracted operations. 

An important start point for customer understanding of 
Simtek as a supplier is where the major components of 
our product operatiorra are located. Starting at the 
beginning: 

• Our DESIGN group is based at our headquarters in 
Cobrado Springs, ColMado, USA. 

• PR^C^SS DEVELOPMENT is centered in Colo- 
rado Springs. We then set up joint development 
programs with our technology development partners, 
using their foundry facilities to support development 
and optimization of our fabrication processes. 

• PRODUCT DEVELOPMENT is also based in Colo- 
rado Springs, using our own laboratory resources. The 
Simtek lab functions as the benchmark for product 
performance. All of our baseline wafer level test 
structure and product level characterization work is 
carried out here, as well as the devebpment of wafer 
and device level electrical test methods and condi- 
tions. Thus, the lab equipment and test programs act 
as reference standards agair^ whidi mr siibeon- 
tracted test operations are verified. 

• MANUFACTURING is 100% subcontracted. Our 
manufacturing operations are managed from our Colo- 
rado Springs base, but each key element in the manu- 
facturing flow - from Mask making through Wafer 
Fabrtoation, Wafer Probe, Assembly and Final Test 
and Speed Sort - is carried out as a suboontra^ed 
operation. 

• PRODUCT SHIPMENT may be drop shipped direct 
to the customer from the final test site, or from the 
Cobrado Springs base where Finished Goods Inven- 
tory is maintained. This Is a function of customer 
specifteation for shipment, and exparien^ level of the 
final test subcontractor. 

The currently qualified manufacturing subcontractors, 
Aeir names and locations, are listed on page 8-17. 

QUALITYPROQRAM 

This section outlines the main components of the 
Simtek quality program. More detail of each compo- 
nent is provided in the k^mwKkmtmk and Subcon- 



ttm±m s^bns. 
ISO-9000 

The quality system implemented at Simtek is based on 
the ISO-9000 standards. Chartered Semiconductor 
Manufacturing and Anam are holh certified to ISO- 
9002. EPI Technologies is certified to the equivalent 
level under a Tmms Irralruinents sponsored program. 

Comm&tHal and Military Progmms 

Simtek supplies ix)th commercial and industrial grade 
product, and product compliant with MIL-STD-883 
(Class B, Compliant non-JAN). In addition, we offer a 
number of products under the US Defense Electronics 
Supply Center (DESC) Standardized Military Drawing 
(SMD) program. As a result, we support two nominally 
separate quality program plans - the Mil-l-45208 In- 
spection System and Mil-l-38535 Appendix A Quality 
Program Plan for our military product lines, and our 
ISO-9000 based quality program plan for non-military 
product lines. In practice the two share many key 
features, and differ only in some detail. The main 
differences between the product lines are in the pro- 
duction flows and screening details. 

Quality Program Plan Components 

The key components of the quality program plan are as 
folbws: 

Specifications: 

• Documentation control for design, process, test, 
acceptance criteria and materials ipBiGjiasrtbns; 

• Materials procurement control; 

• Test Sctasre oontroi; 

Records: 

• Records archive, includif^,prQduOtion, test and 
inspection records; 

Subcontracted Services: 

• Subcontractor @eniii0lvia«ubciiji»lie^fi]uality 
program plan; 

Failure Analysis: 

• Failure analysis procedures for the identification 
of failure mechanisms, their cause in relation to 
the manufacturing process, and corrective action 
procedures; 

Customer Drawing/Specifications: 

• Review and control of customer specifbatbns; 

• Major change notification; 
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equipment, and ro^ures taken on that ecjuipm^t. 
Other Statistical Tools 

Numerous other statistical tools are used to support 
engineering work on the process and the products. 
Process Development studies rely heavily on the use 
of Experimental Design (DOE) techniques. Yield analy- 
sis, failure analysis and characterization work ail make 
use of in-house tools such as RSI . Off-line analysis of 
subcontractor outgoing quality uses PC-based SQC 
tools. 

Simtek CUud^ ImOce^ 

We are in the process of defining a number of perfor- 
mance measures which we believe will be very high on 
our customer's list of concerns. These measures will 
cover outgoing product quality, reliability and service to 
the customer base. Performance targets are set 
through 1 994. In addition, we have defined a series of 
measures by whk^ we judge the performance of our 
subcontractors and material suppliers. Now that we 
have completed basic product and line qualifications 
and have begun to increase production volumes, we 
will be adding customer service measures such as on- 
time delivery and failure ana^rsts rewpefil»tifnett9lhe 
list in the near future. 



Index Definitions: 



Pimfomance 


Units of Measura 


Definition & Source of Dtrta 

,,,„,,„...,., „ , , 


Outgoing Electrical 
Defect Rate 


Parts per Million 
(PPM) 


Rolling 3 month average in ppm, measured at the OA 
Electrical Gate per JEDEC-1 6, EIA-554. See Customer 
Support section for discussion of calculatbn method. 


CMOS Failure Rate 


FITsP) 


Cumulative FIT rate resulting from High Temperature 
Operating Life t^ng in quaHficaflons and prixluct 
monitors. 


Retention Failure Rate 


FITS 


Cumulative FIT rate resulting from Long Term Retention 
bakes in qualificatnns and product monitors. 


Endurance Failure Rate 


Percent failing at end 
of data sheet life 


Cumulative failure rate resulting from 10* endurance 
cycle testing in qualifications and product monitors. 1 0' 
endurance cycle data will be added in the near future. 



' a value of at least 1.3 is regarded as satisfactory - any ' Where 1 FIT is 1 failure in ICf device fiours at nominal 
critical parameters with lower values are subject to a operating temperture. Failure rate calculations use a 60% 
conaaivB adton program. upper confidence Hmitmless otherwise stated. 

_^ ^ ^ ^ , -^TM jllMl^t* . 
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Internal Audit: 

• Internal audit function; 

• Internal Quality Indies; 

Process Control: 

• Statistical Process Control and the minimization 
of process variation; 

• Product Characterization; 

• Product Quality Indices 

Product Quality & Reliability Measures: 

• Qualification Program 

• Product Monitoring Program 

• Outgoing Defect Rate in PPM 

Statistical Process Control 

The key to Simtek product assurance is the use of 
statistical methods in establishing and maintaining 
control in the manufacturing process. Since all of our 
manufacturing is subcontracted, we work dosely with 
our suppliers in devekjping. implementing and moni- 
toring SPC on the productnn lines. This includes 
establishing specifications (target, max and min), car- 
ry ing out process capability studies to determine initial 
C^ values'^), identifying critical parameters, and using 
process control charts to monitor the process. Control 
is generally established through the manufacturing 
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INDEX 


IMS 
Ael. 


1904 
Act 


IMS 


Outgoing Electrical Defect 
Rate (DDm) 


6S 


50 


<S0 


CMOS Failure Rate (FITs) « 


30 


26 


<25 


Retention Failure Rate (FITs) 


5 


<5 


<5 


Endurance Failure Rate (%) 


0^5% 


0.12% 


<0.1% 



Subcontractor 

The following indices have been devebped as mea- 
sures of subcontractor/supplier performance. These 
measures are In the process of being implemented on 
all quallfed subcontractors. 

WAFER FOUNDRY 
FUNCTION INDICES: 

• Critical Process Step Control indicators - as C^ An 
outiineofcriticalwafertabricatbnisgivenin Tabhi. 

• Yield 

• Cycle Time 

• Non-Conformance Rate 

• Unh Proeessbtg'CBst 

ASSEMBLY 
FUNCTION INDICES: 

• Process Step Control Indicators (Bond Strength, Die 
Shear, Hermetidty) - C^ 

• Yield 

• Cycle Time 

• Non-Conformance Rate 

• Unit Processing Cost 

PACKAGED PRODUCTION FINAL TEST 
FUNCTION INDICES: 

• Lot Reject Rate @ Electrical & Visual QA Gates 

• Electrical Outgoing PPM 

• Visual Outgoing PM 

• CydaTime 

• Non-Conforming Rate 

• Unit processing Cost 

MATERIALS SUPPLIERS 
FUNCTION INDICES: 

• Lot Reject Rate @ Incoming 

• On time delivery 

• Lead time 

• Unit cost 



Typical critical process step indicators chosen to pro- 
vide visibility of the stability of the wafer fabrication 
process are listed in Table 1. Reports are provided by 
the foundry. The data used to track these indicators is 
drawn direct from the foundry engineering data collec- 
tion system, and is directly available to the foundry 
engineering team. Month to month performance is a 
subject for discussion at regular Simtelc/Fbundry per- 
formance review meetings. 
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Table 1: Process Control Indicators for Wafer Fabrication 



INTERNAL CONTROLS 

Documentation 

All documentation related to the product is under a 
document control system within Simtek. This system 
assures that specifications are generated to support 
product introduction, that they are approved by the 
right people in Simtek before they are released, and 
that any changes made to the documents are also 
scrutinized and approved before release. The docu- 
mentation system also serves Simtek's subcontrac- 
tors, ensuring that the specifk»tions necessary to 
support manufacturing are available at the 
subcontractor's own facility (this is dealt with in more 
depth under the Subconfractor section). 

The in-house documentation system covers the fol- 
kiwing main areas of activity: 



• Design 

' Please see the •Reliability Overview' section, and Sinttek ' Manufacturing process 
publication 05-32-003 for more detail on reliability measures 

- '• ^TOTOJ L-' .. - ' l-J- -1 I 
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Raw materials 

Testing - methods, conditions and software 

• Chiaracterization 

Data Sheet or Data Book 

• ftispectbn artd aeceptanoe critaria. 

De^n 

All of the design worl^for Simtek products is carried out 
by Simtek personnel. Internal design review proce- 
dures ensure that proposed changes axe approved 
and planned for before work is started on them. Each 
major design revision is assigned an Alpha revisk>n 
level. An Alpha revision is defined as a revision that will 
require both internal and customer re-qualification (for 
example, a shrink, or major change in functionality on 
die). Engineering revisions within the major Alpha 
revisbn levels are given numeric IDs. These are 
always minor changes, intended to improve product 
performance or yield. Simtek marks the top side of its 
product with the Alpha revision level of the die, and 
customers are notified well in advance of plans to 
introduce a new Alpha revision level. The engineering 
reviston level is generally kept internal to Simtek, since 
coiTtrols are in place throughout the manufacturing 
flowto ensure that such changes do not affect the form , 
fit or functbn of the product. In other words, they are 
a non-issue to die customer. 

Process 

Simtek worits with its technology partners to develop 
wafer fabrteation processes on which to build its prod- 
ucts. These are basically conventional CMOS pro- 
cesses with SNOS modules to support the nonvolatile 
cells in tine nvSRAM array. Thus the only arguably 
novel aspect of the basic process flow is the SNOS 
module, and this is in fact not parteulariy novel in itself. 
SNOS has been used for many years by numerous 
semk»nductor suppliers of nonvolatile memory prod- 
ucts. 

IHaving established a process specification, it is then 
documented and changes to it are controlled as with 
any other manufacturing specification. We take great 
care to ensure that process changes do not affect the 
form, fit or function of the end product. Where we do 
decide to implement a major process change, those 
customers specifying change notification in their pro- 
curement specificattons will be notified in advance of 
the change. Such changes are rare, and are generally 
subject to both re-qualification through lifetest proce- 
dures, and re-characterizatton, to ensure that the prod- 
uct data sheet is not violated by the change. 



Product Ouimgterlzatlon 

Our Product Engineering group is responsible, amongst 
many other things, for ensuring that the product meets 
data sheet under worst case condit'ions. We therefore 
develop characterization routines for our products that 
test the device over a range of operating conditions 
extending well Iseyond the data sheet extremes, using 
data patterns and test algorithms designed to exercise 
the device across all parameters. This approach 
quickly shows up any performance marginalitles, whkii 
are then addressed by modifying the design or the 
process. Once the new product completely meets the 
data sheet, a final characterization sample is run over 
an extended V^, range (4.0V to 6.0V) and over an 
extended temperature range (-57*0 to +130*C) for all 
AC and DC parameters. 

NV performance is evaluated during the product devel- 
opment phase by running accelerated lifetests on both 
single cell test structures and on packaged product to 
ensure that the device meets the data sheet endur- 
ance and retentnn specifications (these tests are 
descrit>ed in more detail in the Product ReHabOHy 
Overview). 

Product characterizations are routinely performed when 
any significant process or design changes are imple- 
mented (see the above sections on Process and 
Design for details), and are carried out periodically to 
ensure that the device has not drifted over time (this is 
a highly unlikely everrt, due to the presence of process 
monitors and parametric acceptance criteria which 
woukl detect such changes well before they became 
signifnant at the product level). 

Ertglneerlng Lab 

Simtek has established In-house test capability at the 
wafer and packaged product levels in order to support 
device characterization and development of produc- 
tion screens. The latxiratory also supports electrical 
failure analysis down to level of single cells in the 
memory array. The key Kems of equipment in the 
Simt^ lab indude: 

• Keithley parametrk: tester for analysis of street test 

structures. 

• Teradyne J387 tester and bit-map for wafer level 
functional probe and failure analysis. 

• Teradyne J937 taster for software development, 
packaged product characterteatlon and product 
failure analysis. 

• MOSAID tester for product devekipment and 
analysis 
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• Aehr test monitored burn-in oven 

• Muhiple unbiased bake ovens 

• Endurance NV cycling oqUltmafit 

The above items are the most relevant to package level 
development and electrical failure analysis. There are 
numerous other items in the lab to support the devel- 
opment workload. Destructive physical analysis is 
carried out off-site through numerous subcontracted 
fai^ftiesintheUSA. 

Lab Equipment Calibration 

The equipment in the Simtek engineering laboratory is 
used for a number of critical measures. These are: 

• Design Verificatbn 

• Definition of Product Characterization 

• Definition of electrteai test conditions, methods and 
pass/fail criteria 

• Definition of a "good" and a "bad' device 

• Electrical failure analysis 

• ReferenceStandardforremotet«itsitesf6,tallfinal 
test software. 

The equipment used to make these measurements is 
calibrated to known reference standards. All critical 
Kerns of equipment in the laboratory are maintained in 
calibratbn based on the MiL-STD-45662 calibration 
system. Traceabllity to reference standards is main- 
tained through to the N.l,$. 

TestSt^nawe 

Simtek engineering writes the initial test programs for 
functional wafer probe and final electrk»il test, includ- 
ing endurance and retentnn screening. These pro- 
grams are developed on In-house test equipment in 
the Simtek engineering laix>ratory in Ck>lorado Springs. 
They are developed as a result of extensive character- 
ization of the product, which includes analysis of the 
worst case data patterns to be used for each category 
of test 

The test methods and test conditions are then docu- 
mented in written specifications which are supplied to 
the electrical test subcontractor. The methods used for 
correlation and control between sites are descrilied in 
detail under section 4. 

SUBCONTRACTORS 

Quality Program 

Since Simtek uses subcontractors for all manufaetur- 



ing steps, we recognize that the methods used to 
establish and maintain acceptable quality levels will be 
of prime concern to our customers. 

The baste for subcontractor quality is the Simtek Sub- 
contractor Quality Program specif k:atk>n<^. This docu- 
ment outlines the quality system the subcontractor is 
required to have in place to support manufacture of 
Simtek product. Central to this is the expectation that 
there will be a system in place to establish and maintain 
statistical control over processes, and that this data will 
be shared with Simtek on a regular basis. 

In aseriesof meetings with the selected manufacturing 
facility, personnel from Simtek Manufacturing, Engi- 
neering and Quality Assurance review process f tows, 
manufacturing procedures, engineering disposftnn 
procedure, change control procedures and accep- 
tance criteria. Once agreed to, they are documented. 
A formal facility audit also reviews production control, 
data reporting and communications controls, and es- 
tablishes quality indices by which the performance of 
the subcontractor will be judged on a periodk: basis. 
Where possible, we use the subcontractors estab- 
lished procedures and specifications. Where these do 
not meet Simtek's needs, we add to the subcontractor's 
program. 

A formal procurement specification is released by 
Simtek, defining all of the above. Subsequent changes, 
either by Simtek or by the subcontractor, are subject to 
approval by both parties before implementation. Pro- 
cedures are put in place to dispositnn non-conforming 
product. 

Once the production line has been established, Simtek 
has responsibility for supplying the subcontractor with 
material to load the line, for dealing with non-conform- 
ing material, and for monitoring and reporting on qual- 
ity and other issues. The subcontractor has responsi- 
bility for running the line as if it were his own product line 
(which it of course is). This includes responsibility for 
the quality program. Thus in effect, the subcontractor's 
quality program, and his quality assurance personnel, 
act as delegates for the Simtek OA department. 

Line Qualification 

Each subcontractor is subject to initial site audit by 
Simtek before production material is released onto the 
new line. AudKs are based on audit checklists, which 
were developed initially for auditing MIL-STD-883 fa- 



' This ^)ed^c^n is reprotkioed in Appendix A 
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cilities. They take into account as much as possible of 
the practical issues affecting product quality, including 
operatortraining; the effectiveness of communications 
between the subcontractor and Simtek in relation to 
production control and change notification; the dispo- 
sition of non-conforming material; the availability of 
specifications to operators and methods of approving 
and implementing changes. 

The following subcontractors are qualified to manufac- 
ture Simtek product: 

Wafer Fab 
Chartered Semiconductor Mfg., Singapore 

Assembly 

Anam, South Korea and The Philippines 
Indy Teciviologies, Mafiteea, CA, USA 

Final Test 

EPI Technotogies, Rk:hardson, TX, USA 
Product Qualification 

In addition to line audit, qualification lots are run 
through the new subcontracted facility in order to 
qualify the product. The level of qualification (i.e., the 
number and duratbn of lif etest methods applied to the 
qualifKatnn) is reviewed in detail in the P/odixt Meli- 
ablTity Overview section. 

A new wafer f abrk:ation line requires full die re-qualifi- 
cation compromised of: 

• High Temperature Operating Life (CMOS reliability) 

• Low Temperature Opertding Life (Hot Carrier 
effects) 

• Endurance and Retenfion Life (Nonvolatile 

reliability) 

• Moisture related Lifetesting (for Piastks packaged 
products) 

A new Assembly facility requires package related 
lifetesting, including full moisture lifetesting for plastic 
lines. 

A new test facility requires a major electrical test 
correlatran with the Simtek tester and test software to 
be successAilV earrted oot. 

Once qualification is completed, delivery of qualified 
product is approved. From then on, Simtek maintains 
ctose communk:ation with the subcontractor manufac- 
turing, engineering and OA oiganizatlons to assure 



acceptable performance. Simtek intends to provide a 
quarterly quality report to each subcontractor, and to 
hokJ quarterly operations meetings to review progress 
and help solve problems. 

Customers requiring prior notification of change of 
manufacturing line will be informed in advance of any 
change of line, and qualification data supporting the 
line change will be provkled for review. 

Wafer Fabrication 

The Wafer Fabrication process is by far the most 
complex element in the manufacturing flow, and is, to 
the extent outlined in the Process sectnn, unk)ue to 
Simtek. As a result, Simtek has tended to enter into 
close technology development partnerships with its 
foundries, rather than more conventional foundry ar- 
rangements. This works to the benefit of both parties, 
and Simtek benefits from the fact that the engineering 
group in the foundry qutekly devetops detailed knowl- 
edge of the process, and a highly focused interest in 
reliability and yiekl improvement. 

Once the manufacturing process is accepted, it is 
documented, and the qualification lots run to that 
process. Any subsequent change is subject to ap- 
proval by both Simtek and the Foundry engineering 
group. Weekly conference cidls are held between the 
two parties to ensure continuity in devetopment and 
pieyiMi^hrfhg piografn&. 

Simtek provides the foundry with a detailed procure- 
ment specif k:atk>n, whk:h includes the foltowing ele- 
ments: 

• Technology Design rules 

• Wafer level (street) test structura spedficattons 

• Process flow 

• Parametric acceptance criteria 

• Visual acceptance aiteria 

• Functional probe spedHea^n 

Within this specifk;ation are more detailed require- 
ments covering the folkming practk»l issues: 



Change Control and Change Notification 
Procedures for non-conforming material 
Visual inspection 
Lot Documentatnn 
Rework 

Statistical Process Control Data 
Reliability Monitors and Data 
Failure Analysis support 
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Simtek arranges access to lot data both in-line and 
end-of-llne, so that process step performance as well 
as parametric and functional probe data may be moni- 
tored and analyzed. Reliability monitor data at the 
Mffirfer level is akso supplied on a loutine basis. 

Assembly 

Simtek assembly is currently based at Anam, South 
Korea, for all plastic products, and at Indy Technolo- 
gies, California, for all ceramic pacl<age types, includ- 
ing the MIL-STD-883 Class B and SMD Class M 
product time. 

Since the subcontracting of assembly is routine for the 
semiconductor industry, there is little to add here 
except to stress that Simtek has selected assembly 
houses that have a great deal of oqseitenee and 
proven manufacturing quality. 

Final Test 

Simtek has extensive experience working with final 
test subcontractors to assure the continuing electrical 
quality of its finished product. A great deal of effort is 
invested in establishing effective electrical test meth- 
ods to assure the functiona% of the product overthe 
full operating range'^'. 

Once the test procedures have been established, they 
are transferred to the tester technology at the final test 
subcontractor. The test subcontractor Is responsible 
for Implementing the software on its own in-house 
testers. Simtek product and test engineering work 
closely with thesubcontractorduringthisphase. Imple- 
mentation is finalized with a controlled device correla- 
tion between sites, using both good and bad units. The 
tester and tester correlation includes running detailed 
device characterizations to ensure all parameters tested 
correspond over the full temperature range of testing. 
Test program dmngis an implemented using similar 
controls. 

Simtek maintains reference units at each test site for 
test equipment aek-up purposes. Produclton runs are 
not started until test set-ups have passed calibration 
and reference unit tests. An ongoing con-eiatbn pro- 
gram between the Simtek Lab (the reference standard) 
and subcontracted test site(s) ensures site to site 
correlatton. 

Non-oonformances are reviewed on a periodic basis 
and the pareto chart of causes discussed within Simtek 
and with the subcontractor. In this way we work 

< See Test SoAwarB*. page 8-16. 



towards ellmlnatnn of causes of non-conformartce 
and overall improvement of product quality. 

Final test data gathered at the subcontractor site is 
available electronically to Simtek engineering. Test 
programs routinely collect characterizatran data of key 
parameters on a sample basis, thus provkJing an 
ongoing measure of product variability over time. 

Controlled manufacturing flows are set up by the 
subcontractor to reflect Simtek requirements. The 
travelers are approved by Simtek before production 
begins, and any change to the f tow is approved by both 
Simtek and the subcontractor before being imple- 
mented on production material. 



CUSTOMER SUPPORT 

Quality Data 

The outgoing electrical and mechantoal quality of 

Simtek product is measured atquality assurance gates 
set at the end of the final test process flow. Each final 
inspection lot is sampled electrically at operating tem- 
perature extremes, and a sample is taken for visual/ 
mechanical inspection. These data are used to calcu- 
late the probable outgoing defect rate in parts per 
million. 

The measures are referred to as Average Incoming 
Quality (AIQ) and Average Outgoing Quality (AOQ), 
and refer specifically in this context to quality measure- 
ments wittiin the Simtek test flow. We measure the 
defect rate after completion of the 1 00% manufactur- 
ing screens (AIQ) and then the defect rate of the 
product after completion of sampling and rescreening 
for failed samples (AOQ). Both are measured in parts 
per million (ppm). We use JEDEC-16 and EIA-554 
methods for calculating the defect rates. 

The AIQ is the product of: 
(Sample % defective) 
(lot acoaplanee rate)- 

(10«) 

The AOQ is the product of: 

(Total population - total samples used) / (Total 
populatton) [(N-n)/(N)] 

(Estimated population percent defective (from 

AIQ))[P] 

(Probability of tot acceptance from the OC curve 
for the sample plan) [PJ 

(10*) 
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PFOCESS STEP 


TYPE 


ITEMS MONITORED 


FREQUENCY* 
SAMPLE PLAN 


Incoming Inspection 


Lot Acceptance 


Part Count 
Gross Visual 
Traoeabillty 


Each lot. 100% 
Each lot, 100% 
Each tot 


Etectrical Test Insert 


Monitor 

Lot Acceptance 
Lot Acceptance 
Lot Acceptance 
Lot Acceptance 
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Trigger Yield 
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Each lot 
Each lot 
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Monitor 
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Oven Temp 


Each lot 

Each lot 
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Each board 

Each board, 5 sockets 

Each lot 

Each lot 


Bum-In PDA 
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Topside Mark 


Monitor 
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Each lot 
Each lot 
Each lot 
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Monllor 


Mark Perm 


1 unit, = 


Solderaliffl^ 


Monltsr 


SdderablR^ 
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C = 1 


Pack 


Lot Acceptance 


CofC 
Part Count 
Rails visual 
Rails orientation 
Traceability 
ElMtrical veriffeation 


Each tot 
S<ip tot sample 



Tables: Test Row Morritors 
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ReUabllttyData 

The reliability data derived fmm qualifications and 
product monitors is used to generate failure rate re- 
ports on a quarterly basis. Details of the Reliability 
Program at Simtei< are in the Data Book. Tabulated 
reliability data is updated periodically and available via 
Simtelt Marketing. 

Specification/Drawing Review 

Customers with special requirements, whether they 
are product specifications outside of Simtel< data sheet, 
or general quality and reliability procurement specifi- 
cations witfi detailed test and AQL criteria, should 
submit detailed drawings via Simtek marketing before 
placing a purchase order for the product. Simtek has 
a customer drawing review procedure which ensures 
that special requirements are reviewed internally by 
the right people before the company commits to ship- 
ping the product. Once approved, special require- 
ments are translated into special processing instruc- 
tions for the manufacturing sites. 

Customer Audit of Simtek Facilities 
Simtek welcomes customer interest in its subcon- 
tracted manufacturing facilities. Details of control 
procedures in each of the facilities may be provided in 
summary form to customers requiring such informa- 
tion, and are generally handled via paper site survey 
questbnnaires. Where a site audit is necessary, 
Simtek requires at minimum 6 weeks notk:e so that the 
sulx»ntractor may have the opportunity to schedule 
the audit in their facility. Requests for site survey and 
site audit should be addressed initially through the 
Simtek Sales and Marketing organization. 

Change Notification 

Where specified by the customer, advance notif k:at»n 
of intent by Simtek to implement major process or 
design changes will be given through the Simtek 
change notification procedure. It should be under- 
stood that Simtek can only make this commitment to 
customers who have spvMK^fjf requested this ser- 
vice. 



Fallwre Armfysis on Defective Product 

In the event a Simtek customer comes across a tech- 
nical or quality problem with Simtek product, the Re- 
turn Material Authorization (RMA) procedure should 
be followed. Customers should obtain an RMA num- 
ber from Simtek via the Sales and Marketing organiza- 
tion before returning product. However, this shouM not 
delay opening upcommunicattons with Simtek in order 
to start dealing with the problem. Simtek QA and 
Engineering groups place a high priority on supporting 
customer problems, and we hope that in the unlikely 
event you encounter a problem with our product, you 
will find that we respond quickly and efficiently to 
resolve the problem. 

It is important that we understand what the problem is, 
and under what circumstances the problem occurs. 
Once we have the device(s) back (assuming an elec- 
trical problem with the part(s)), we immediately put 
them through full electreal test to assure data sheet 
functionality. If this does not show up the problem, 
further antUysis is carried out under the applicatnn 
cond'rtnns. 

This initial phase of verification should take two to three 
working days. We then get back in contact with the 
customerto confirm our findings, and review the direc- 
tion the analysis shoukJ take from there on. It is our 
experience that the vast majority of problems can be 
dealt with within this three day period based on electri- 
cal verification and analysis of the defective units. 
Wherefurther destructive physical analysis is required, 
we will generally agree wKh the customer how k>ng this 
will take, and set up a reporting structure to keep the 
customer informed of progress. 

Where corrective actions prove necessary as a result 
of FA, we will generally agree to these in discussion 
with the customer. At the same time, we will be 
reviewing what actnns we need to take internally to 
prevent recurrence of the problem. 



I 
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• Custoacr or R«p 
calls Sinteli 

• CustMwr ScrWeit 
start! RHA appravat cyela 



THIS PROCEDURE APPLIES 
TO ALL RETURNS REQUESTED 
BY CUSIOHERS FOR ANT OUALITY 
flRTECMIIICAL 10501 
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Chart 1: Failure Analysis Flow 
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